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(5?) This invention relates to L-arginine aldehyde derivatives, having the formula I 
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where R 1 , X and Y have the values defined in the description, as well as pharmaceutical formulations 
containing those compounds and methods of their use as thrombin inhibitors, coagulation inhibitors 
and thromboembolic disorder agents. 
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This invention relates to thrombin inhibitors which are useful anticoagulants in mammals. In particular it 
relates to L-arginine aldehyde derivatives having high anticoagulant activity, antithrombotic activity, and throm- 
bin selectivity. 

The process of blood coagulation, thrombosis, is triggered by a complex proteolytic cascade leading to 

5 the formation of thrombin. Thrombin proteolyticalty removes activation peptides from the Aa-chains and the 
Bp-chains of fibrinogen, which is soluble in blood plasma, initiating insoluble fibrin formation. 
Anticoagulation is currently achieved by the administration of heparins and coumarins. 
Parenteral pharmacological control of coagulation and thrombosis is based on inhibition of thrombin 
through the use of heparins. Heparins act indirectly on thrombin by accelerating the inhibitory effect of endo- 

10 genous antithrombin 111 (the main physiological Inhibitor of thrombin). Because antithrombin lit levels vary in 
plasma and because surface-bound thrombin seems resistant to this indirect mechanism, heparins can be an 
ineffective treatment. Because coagulation assays are believed to be associated with efficacy and with safety, 
heparin levels must be monitored with coagulation assays (particularly the activated partial thromboplastin 
time (APTT) assay). Coumarins impede the generation of thrombin by blocking the posttranslational gamma- 

15 carboxylation in the synthesis of prothrombin and other proteins of this type. Because of their mechanism of 
action, the effect of coumarins can only develop slowly, 6-24 hours after administration. Further, they are not 
selective anticoagulants. Coumarins also require monitoring with coagulation assays (particularly the pro- 
thrombin time (PT) assay). 

Recently, interest in smalt synthetic peptides that are recognized by proteolytic enzymes in a manner sirrv 

20 ilar to that of natural substrates has grown. Tripeptide aldehydes such as D-Phe-Pro-Arg-H, Boc-D-Phe-Pro- 
Arg-H, and D-MePhe-Pro-Arg-H, Bajusz et al., J. Med. Chem. , 33, 1729-1735 (1990) demonstrate potent direct 
inhibition of thrombin. Many investigators have synthesized analogs in an effort to develop pharmaceutical 
agents, for example Shuman et al., J. Med. Chem. , 36, 314-319 (1993), as well as European Patent Applica- 
tions, publication numbers 479489 and 542525. 

25 Although the heparins and coumarins are effective anticoagulants, and no drug has yet emerged from the 
known tripeptide aldehydes, and despite the continuing promise for this class of compounds, there exists a 
need for anticoagulants that act selectively on thrombin, and independent of antithrombin III, exert inhibitory 
action shortly after administration, and do not interfere with lysis of blood clots, as required to maintain he- 
mostasis. 

30 The present invention is directed to the discovery that the compounds of the present invention, as defined 

below, are potent, selective thrombin inhibitors. 

Accordingly, it is a primary object of the present Invention to provide novel L-arginine aldehyde derivatives 
that are potent thrombin inhibitors useful as anticoagulants. 

Other objects, features, and advantages will be apparent to those skilled in the art from the following de- 
35 script ion and claims. 

The present invention provides a thrombin inhibiting compound having the formula 



9 H H NH 

40 II | * I II 

Y-C-X-N-CH- (CH 2 ) 3 -N-C-NH 2 

C=0 
I 

R 1 ■ 

45 

where 

R 1 is hydrogen; 

X is proiinyl or azetidinyl-2-carbonyl; 
Y is a group 

so 

Z 

R 3 -p 

55 Z 1 

I 
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where Z is hydroxy, C r C 4 alkoxy or -NHR 2 ; 

R 2 is hydrogen, C r C 6 alkyl, cyclopentyl, cyciohexyi, a group -C(C=0)RS or -S(0) n -R5 
where R« is C r C 4 alkyl, C r C 2 perfluoroalkyl, C r C 4 alkoxy, (C r C 4 a!koxy)C r C 4 alkyl, cyclopentyl, cy- 
ciohexyi, amino, mono (C 1 -C 4 )alkylamino l di(C r C 4 )alkylamino, unsubstituted or substituted aryl, where aryl 
Is phenyl or naphthyl, a 5 or 6 membered unsubstituted or substituted heterocyclic ring, having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, or a 9 or 
10 membered unsubstituted or substituted fused blcyclic heterocyclic group having one or two heteroatoms 
which are the same or different and which are selected from sulfur, oxygen and nitrogen; 
n is 1 or 2; 

R 3 is C r C 4 alkyl, unsubstituted or substituted phenyl or unsubstituted or substituted benzyl; 
Z 1 is a bond or -CH r ; 

R 4 is C,-C 6 alkyl, C r C 4 alkoxy, cyclopentyl, cyciohexyi, unsubstituted or substituted aryl where aryl is 
phenyl or naphthyl, a 5 or 6 membered unsubstituted or substituted heterocyclic ring, having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, or a 9 or 
10 membered unsubstituted or substituted blcycilc heterocyclic group having one or two heteroatoms which 
are the same or different and which are selected from sulfur, oxygen and nitrogen; 

when Z is -NHR 2 , it can be taken together with R 3 to afford an azetidiriyl group, a 5 or 6 membered un- 
substituted or substituted saturated nitrogen containing heterocyclic ring or a 9 or 10 membered unsubstituted 
or substituted fused bicyclic nitrogen containing heterocyclic group; and 

R 3 and R 4 can be taken together to afford a cyclopentyl, cyciohexyi ora 9 or 10 membered unsubstituted 
or substituted bicyclic hydrocarbyl group; 

ora pharmaceutical^ acceptable salt thereof; or a pharmaceutical^ acceptable solvate of said com- 
pound or salt thereof; 

provided that when (a-i) R 3 is methyl or ethyl; * is a bond; R 4 is cyclopentyl, cyciohexyi, unsubstituted 
25 or substituted aryl where aryl is phenyl or naphthyl or R 4 is thienyl or furyl; and X is prolinyi or azetidinyl-2- 
carbonyl; or 

(a-ii) R 4 -Z*- taken together form methyl or ethyl; R 3 Is unsubstituted or substituted phenyl; and X is 
prolinyi or azetidinyl-2-carbonyl; or when 

(b-i) R 3 is methyl or ethyl; Z' is -(CHj)-; R 4 Is unsubstituted or substituted phenyl; and X is azetidinyl- 
30 2-carbonyl; or ' ' 

(b-ii) R 4 -Zi- taken together form methyl or ethyl; R 3 is unsubstituted or substituted benzyl; and X is aze- 
tidlnyl-2-carbonyl; or further when 

(c) R 3 and R 4 are taken together to afford a cyclopentyl or cyciohexyi; and X is prolinyi; 
then Z is not hydroxy, C r C 4 alkoxy or NHR 2 in which R 2 is hydrogen, C r C 6 alkyl or a group -C(C=0)R5 
35 m which R* is C r C 4 alkyl, C r C 2 perfluoroalkyl or C,-^ alkoxy. 

A particular group of the above compounds formula I consists of those compounds of formula I where 
R 1 is hydrogen; 

X is prolinyi or azetidinyl-2-carbonyl; 
Y is a group 



15 



20 



40 



Z 

45 Z l 



where R 3 is C r C 4 alkyl; 
so Z 1 is a bond or -CHa-; 

R 4 is unsubstituted or monosubstituted phenyl; and 
Z is -NHR 2 , where 

R 2 is -C(C=0)R5 in which R* is a 9 or 10 membered unsubstituted or monosubstituted fused bicyclic 
heterocyclic group having one nitrogen atom; or 
55 R 2 is a group -S0 2 R 5 in which R 6 is C r C 4 alkyl; or 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted hetero- 
cyclic ring having one or two nitrogen atoms; 

or a pharmaceutical^ acceptable salt thereof; or a pharmaceutical^ acceptable solvate of said com- 
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pound or salt thereof. 

In addition to the compounds of formula I, the present invention provides pharmaceutical formulations com- 
prising a compound of formula I in association with a pharmaceutically acceptable carrier, diluent or excipient 

The present invention also provides a method of inhibiting coagulation in mammals comprising adminis- 
5 taring to a mammal in need of treatment, a coagulation inhibiting dose of a compound of formula I. 

The present invention further provides a method of inhibiting thrombin comprising administering to a mam- 
mal in need of treatment, a thrombin inhibiting dose of a compound of formula I. 

Further, the present invention provides a method of treating thromboembolic disorders comprising admin- 
istering to a mammal requiring treatment, an effective dose of a compound of formula I. 
10 This invention relates to new inhibitors of thrombin, pharmaceutical compositions containing the com- 
pounds as active ingredients, and the use of the compounds as anticoagulants for prophylaxis and treatment 
of thromboembolic disorders such as venous thrombosis, pulmonary embolism, arterial thrombosis, in partic- 
ular myocardial ischemia, myocardial infarction and cerebral thrombosis, general hypercoagulable states and 
local hypercoagulable states, such as following angioplasty and coronary bypass operations, and generalized 
15 tissue injury as it relates to the inflammatory process. 

The term "alky!" by itself or as part of another substituent means a straight or branched chain a Iky I radical 
having the stated number of carbon atoms such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl 
and sec-butyl. 

The term "alkoxy" means a straight or branched chain alkyl radical having the stated number of carbon 
20 atoms bonded to the parent moiety by an oxygen atom. The term "halo" means chloro, fluoro, bromo or iodo. 
The term "dl(C 1 -C 4 alkyi)amino n means a group -r^C^ alkyl^ where each alky! group, independently, 
has the stated number of carbon atoms. 

The term "perfluoroalkyl" means a straight or branched chain alkyl radical having the stated number of 
carbon atoms with all available valences substituted with fluoro atoms such as trifluoromethyl and pentafluor- 
25 oethyl. 

The term "5 or 6 membered heterocyclic ring" means any 5 or 6 membered ring that will afford a stable 
structure containing one or two nitrogen atoms; one sulfur atom; one oxygen atom; one nitrogen and one sulfur 
atom; or one nitrogen and one oxygen atom. The 5-membered ring has one or two double bonds and the .6- 
membered ring has two or three double bonds. Heterocyclics include furyl, thienyl, pyrrolyl, pyrazolyi, oxazolyl, 
30 isoxazolyl, thiazolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidtnyl, pyrazinyl, oxazinyl and thiazinyl. 

The term "9 or 10 membered heterocyclic ring" means any fused bicyclic heterocyclic group in which any 
of the above 5 or 6 membered rings is fused to a benzene ring a cyclohexane ring, or another 6 membered 
heterocyclic ring, as defined above, that will afford a stable structure, These heterocyclics include indolyl, ben- 
zothienyl, benzofuryl, benzoxazolyl, benzoisoxazolyi, benzopyrazolyl, quinolinyl, isoqulnolinyl, benzimidazolyl 
35 and benzothiazolyl. 

The term "9 or 10 membered bicyclic hydrocarbyl group" means a fused bicyclic group 



40 




45 where Q is -CH r , -CH=CH- or -CH 2 -CH 2 -; 

Z is as shown and defined above for Formula I; and the dotted lines mean the presence or absence of 
unsaturation in the ring. 

Representative examples of these fused bicyclic groups include indanyl, dihydronaphthyl and tetrahydro- 
naphthyl. 
so The groups 
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. "P 

ii 

10 

are referred to as prolinyl and azetIdine-2-carbonyl, respectively, and are respectively abbreviated Pro and Azt 
In the representation of Formula I, the carbonyl functionality of X is attached to the amino group drawn in 
Formula I. 

It will be appreciated that many of the above heterocycles may exist in tautomeric forms. All such forms 
is are included within the scope of this invention. 

All of the above aryl, heterocycles, and bicyclic hydrocarbyis are unsubstituted or substituted with one or 
two substituents that will afford a stable structure independently selected from halo, hydroxy!, C,-C 4 alky), 
C r C 4 alkoxy, amino (-NHJ, (mono(C r C 4 aikyl) amino, mercapto, and (CrC 4 alkyl)thio (-S(0) p C 1 -C 4 alkyi), 
-NHS(0) p (C r C 4 alkyi), NHC(0)C r C 4 alkyi. -S(0)pNH2, -S(0) p NH(C r C 4 alkyl), and -3(0)^(0,-0^ alkyl) 2f 
20 where p is 0, 1 or 2. 

The asterisks in formula I and substituent x denote a chiral center that is (L). 

In addition, diastereomers exist at the Y substituent and, depending on substitutions on said Y substituent, 
further diastereomers may exist. The compounds of the present invention include mixtures of two or more dia- 
stereomers as well as each individual isomer. 
25 Preferred compounds of the present invention are those compounds of formula I as defined above where 

Z is -NHR 2 , where 
R2 is -C(C=0)R5 or -S(0) n -R5; 
R3 is C r C 4 alkyl; 

R 4 is unsubstituted or substituted aryl where aryl is phenyl or naphthyl; 
30 R 6 is C r C 4 alkyl. C r C 4 alkoxy, a 5 or 6 membered unsubstituted or substituted heterocyclic ring having 

one or two nitrogen atoms, or a 9 or 10 membered unsubstituted or substituted fused bicyclic heterocyclic 
group having one or two nitrogen atoms; 
n is 1 or 2; or 

Z is taken together with R 3 to afford an azetidinyl group, a 5 or 6 membered unsubstituted or substituted 
35 heterocyclic ring having one or two nitrogen atoms or a 9 or 10 membered unsubstituted or substituted fused 
bicyclic heterocyclic group having one or two nitrogen atoms; 

and where X, Z 1 and R 1 are as defined above for formula I; and phar mace uti call y acceptable salts and 
solvates thereof. 

A first, particularly preferred group of compounds of the-present invention are those compounds of formula 
40 I as defined above where 

R 1 is hydrogen; 

Z Is -NHR 2 , where 

R 2 is -0(C=O)R 5 ; 

R3 is C r C 4 alkyl; 
45 ZMs-CHr; 

R 4 is unsubstituted or monosubstituted phenyl; 

R 6 is C r C 4 alkoxy, or a 9 or 10 membered unsubstituted or monosubstituted fused bicyclic heterocyclic 
group having one nitrogen atom; and X is as defined above for formula I, and pharmaceutical^ acceptable 
salts and solvates thereof. 

50 A second particularly preferred group of compounds of the present invention are those compounds of for- 
mula I where 

R 1 is hydrogen; 
Z is -NHR 2 , where 

R 2 is-S0 2 R5; . * 

55 R3 is C r C 4 alkyl 

R 4 is unsubstituted or monosubstituted phenyl; 

R 6 Is 0 r 0 4 alkyl; and X and Z 1 are as defined above for formula I, and pharmaceutical^ acceptable 
salts and solvates thereof. 




5 




EP 0 673 936 A1 

A third group of particularly preferred compounds of the present invention are those compounds of formula 
I where 

R 1 is hydrogen; 
2 is -NHR 2 ; 

5 R 4 is unsubstituted or monosubstituted phenyl; and 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted hetero- 
cyclic ring having one or two nitrogen atoms; and X is as defined above for formula I, and pharmaceutically 
acceptable salts and solvates thereof. 

As mentioned above, the invention includes pharmaceutically acceptable salts of the compounds defined 
10 by the above formula I. A particular compound of this invention can possess one or more sufficiently basic 
functional groups, and accordingly react with any of a number of nontoxic inorganic and organic acids, to form 
a pharmaceutically acceptable salt. Acids commonly employed to form acid addition salts are inorganic acids 
such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like, and 
organic acids such as g-toluenesulfonic, methanesulfonic acid, oxalic acid, pj-bromophenylsulfonic acid, car- 
ts bonic acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such pharmaceutically 
acceptable salts thus are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, monohydrogen phos- 
phate, dihydrogen phosphate, meta phosphate, pyrophosphate, chloride, bromide, iodide, acetate, propionate, 
decanoate, caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, suc- 
cinate, suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1 ,6-dioate, benzoate, chloroben- 
20 zoate, methyl benzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, xylenesul- 
fonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycollate, 
tartrate, methanesulfonate, propanesulfonate, naphthalene-1 -sulfonate, naphthalene- 2-sulfonate, mandelate, 
and the like. Preferred pharmaceutically acceptable acid addition salts are those formed with mineral acids 
such as hydrochloric acid, hydrobromic acid and sulfuric acid. 
25 As stated above, the present invention includes solvates of the compounds of Formula I and the pharma- 

ceutically acceptable salts thereof. A particular compound of the present invention or a pharmaceutically ac- 
ceptable salt thereof may form solvates with water or common organic solvents. Such solvates are included 
within the scope of compounds of the present invention. 

A compound of formula I is prepared by removing simultaneously or sequentially the protecting group(s) 
30 P of a corresponding compound of formula II 

PY- C-X- N- CH- (CH 2 ) 3-N—C- NHP 

35 C=0 

R l II 

wherein P on the guanidino group represents an amino protecting group and PY represents a radical 
40 Y which may bear an independently selected amino protecting group P for a compound of formula I in which 
Y includes a basic NH moiety; whereafter, when a salt of the compound of formula I is required, forming the 
salt with a pharmaceutically acceptable acid. For example, a compound of formula II in which the amino pro- 
tecting group(s) is(are) benzyloxycarbonyl may be converted into the hydrochloride of the corresponding com- 
pound of formula I by hydrogenolysis at atmospheric pressure over palladium on carbon catalyst in dilute etha- 
45 nolle hydrochloric acid. A compound of formula II also is represented by the formula PY(C=0)-X-Arg(P)-H in 
which X is Pro (prolinyl) or Azt (azetldinyl-2-carbonyl). 

The compounds of formula I are prepared by known methods of peptide coupling. According to one such 
method the acid PY-COOH, where Y has the same meanings as defined for formula l, and P is an amino pro- 
tecting group, is coupled with a carboxy protected proline (or azetidine-2-carboxy ester) to form the d [peptide, 
so The carboxy protecting ester group of the proline moiety is then removed (deblocked or deesterif ied) and the 
free acid form of the dipeptide is coupled with the lactam form of arginine. The above reaction sequence is 
illustrated by the following Scheme 1: 
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PY-COOH + proline ester 

5 



PY- (C=0) -Pro-OH (b) 



PY- (C=0) -Pro-Arg (P) lactam 

(c) 



20 wherein P represents an amino protecting group. 

The coupled Arg(P) lactam product (c) is reacted with a hydride reducing agent, preferably lithium aluminum 
hydride or lithium tri-tert-butoxyaluminohydride, in an inert solvent or mixture of solvents to reduce the lactam 
ring and provide the tripeptide in the arginine aldehyde form represented by the formula PY(OO)- Pro-Arg (P)- 
H wherein (P) represents amino protecting groups. 

25 The protecting groups are removed by procedures known to those skilled in the art such as hydrogenation 

over a metal catalyst 

The lactam form of arginine is obtained by intramolecular coupling of amino protected arginine [Arg-OH]. 
For example, Boc-Arg(Cbz)OH, represented by the formula 



0 
II 

PY-C- 



(a) 



COO ester 




Boc-NH-CH- (CH 2 ) 3 -NH-C (=NH) -NHCbz 
COOH 

35 where Boc is t-butyloxycarbonyl and Cbz is benzyloxycarbonyl, is first converted to an active ester form, such 
as an active mixed anhydride, with a chioroformate ester, e.g. ethyl chloroformate to isobutyl chtoroformate. 
The ester formation is carried out In the presence of a tertiary amine such as N-methylmorpholine. Addition 
of further or another tertiary amine base, such as triethylamine or diisopropylethytamine, effects the internal 
acylation to provide the lactam form of the di-amino protected arginine as shown below 



BOCNH 




C==NH 
I 

NH-Cbz 



so Prior to use in the coupling with the PY(C=0)-Pro-OH as shown in the above scheme, the Boc or other amine 
protecting group is selectively removed with trifluoroacetic acid or HCI to provide the requisite free amino 
group. 

The coupling of an PYCOOH compound with a proline ester, when Y is as defined above for formula 1, is 
carried out by first protecting the amino group of the amino acid. 
55 Conventional amino protecting groups commonly used for temporary protection or blocking of the amino group 
are employed. 

The ami no-protecting group refers to substituents of the amino group commonly employed to block or 
protect the amino functionality while reacting other functional groups on the compound. Examples of such ami- 



7 




EP 0 673 936 A1 

no-protecting groups include the formyl group, the trityl group, the phthalimido group, the trichloroacetyl group, 
the chloroacetyl, bromoacetyl and iodo acetyl groups, urethane-type blocking groups such as benzyloxycar- 
bonyl, t-butoxycarbonyi 4-phenyIbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 4-methoxybenzyloxycarbo- 
nyl, 4-fluorobenzyloxycarbonyl, 4-chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl, 2-ch!orobenzyloxy- 

5 carbonyl, 2,4-dichlorobenzyloxycarbonyi, 4-bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitroben- 
zyloxycarbonyl, 4-cyanobenzyloxycarbonyl, 2-(4-xenyl)isopropoxycarbonyl, 1 t 1-diphenyleth-1-yloxycarbonyl, 
1 ,1-diphenylprop-1-yloxycarbonyl t 2-phenylprop-2-yIoxy carbonyl, 2-(p-toluyl)prop-2-y1oxycarbonyl, cyclopen- 
tanyloxycarbonyl, 1-methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-methylcyclohexanyloxy- 
carbonyl, 2-methylcyciohexanyIoxycarbonyl, 2-(4-toluylsuIfonyl)ethoxycarbonyl, 2-(methylsulfonyl)ethoxycar- 

10 bonyl, 2-(triphenytphosphino)ethoxycarbonyl, 9-fiuoroenylmethoxycarbonyl ("FMOC"), 2-(trimethylsilyl)ethox- 
ycarbonyl, allyloxycarbonyl, 1-(trimethylsilylmethyl)prop-1 -enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 
4-acetoxybenzyloxycarbonyl, 2,2,2-trichlorethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl ) cydopropylmethox- 
ycarbonyl,4-(decyloxy)benzyloxycarbonyl, isobornyloxycarbonyl, 1-ptperidyloxycarbonyl and the like; the ben- 
zoylmethylsulfonyl group, the 2-(nitro)phenylsulfenyl group, the diphenylphosphine oxide group, and the like 

15 amino-protecting groups. The species of amino-protecting group employed is not critical so long as the der- 
Ivatized amino group is stable to the condition of subsequent reaction(s) on other positions of the molecule 
and can be removed at the appropriate point without disrupting the remainder of the molecule. Preferred ami- 
no-protecting groups are the benzyloxycarbonyl, allyloxycarbonyl, t-butoxycarbonyl, and trityl groups. Similar 
amino-protecting groups used in the cephalosporin, penicillin and peptide art are also embraced by the above 

20 terms. Further examples of groups referred to by the above terms are described by J. W. Barton, "Protective 
Groups in Organic Chemistry", J. G. W. McOmie, Ed., Plenum Press, New York, N.Y., 1973, Chapter 2, and T. 
W. Greene, "Protective Groups in Organic Synthesis", John Wiley and Sons, New York, N.Y., 1981, Chapter 
7. The related term "protected amino" defines an amino group substituted with an amino-protecting group dis- 
cussed above. 

25 In carrying out the coupling reaction, an ester protecting group for proline is employed which is removable 
by conditions under which the amino protecting group remains intact The amino protecting group of the acy- 
lating acid PYCOOH thus remains in place for protection of the amino group during the subsequent coupling 
with the arginine lactam compound to form (c). 

The carboxy protecting ester group as used In the specification refers to one of the ester derivatives of 

30 the carboxy lie acid group commonly employed to block or protect the carboxy lie acid group while reactions are 
carried out on other functional groups on the compound. Examples of such carboxy lie acid protecting groups 
include 0^-0$ alkyl, benzyl, 4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 
2,4 t 6-trimethoxy benzyl, 2,4,6-trimethyl benzyl, pentamethylbenzyl, 3,4-methylenedioxybenzyl, benzhydryl, 
4,4-dimethoxybenzhydryl, 2,2',4,4-tetramethoxybenzhydryl, t-butyl, t-amyl, trityl, 4-methoxytrityl, 4,4'-dime- 

35. thoxytrityl, 4,4',4"-trimethoxytrityl, 2-phenylprop-2-yl, trimethylsilyi, t-butyldimethylsilyl, phenacyl, 2,2,2-tri- 
chloroethyl, 2-(trimethylsilyi)ethyl, 2-(di(n-butyl)methylsilyl)ethyl, p-toluenesulfonylethyl, 4-nitrobenzyisulfo- 
nylethyl, ally!, cinnamyl, 1-(trimethylsilylmethyl)-prop-i-en-3-yl, and like moieties. The species of carboxy-pro- 
tecting group employed is not critical so long as the derivatized carboxylic acid is stable to the conditions of 
subsequent reactions ) on other positions of the molecule and can be removed at the appropriate point without 

40 disrupting the remainder of the molecule. In particular, it is important not to subject the carboxy-protected mol- 
ecule to strong nucleophilic bases or reductive conditions employing highly activated metal catalysts such as 
Raney nickel. (Such harsh removal conditions are also to be avoided when removing amino-protecting groups 
discussed below.) Preferred carboxy protecting groups are C r C 3 alkyl and benzyl. Further examples of these 
groups are found in E. Haslam, "Protective Groups In Organic Chemistry", J.G.W. McOmie, Ed., Plenum Press, 

45 New York, N.Y., 1973, Chapter 5, and T.W. Greene, "Protective Groups in Organic Synthesis", John Wiley and 
Sons, New York, N.Y., 1981, Chapter 5. 

The compounds of formula I where X is azetidinyl (or prolinyl) are prepared in an analogous manner by 
known methods of peptide coupling. According to one such method, the cyclic lactam form of arginine (e) is 
prepared and coupled with an amino protected azetidine-2-carboxylic acid (d) as shown below to afford the 

so dipeptide (f) 
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10 



BOC N- 



■COOH 



H! 1D 



(d) 



N 
I 

C—NH 
I 

NHP 
<e) 



BOC .N- 



II 

■ONH 



.70 



(f) 



T 

C=NH 
I 

NHP 



where P represents an amino protecting group such as the benzyloxycarbonyl (Cbz) group, t-butoxycarbonyl 
15 (Boc), p-toluenesulfonyt, and the like. Preferably the amino protecting group used is removable by hydrogen- 
ation or treatment with mild acid (e.g. trifluoroacetic acid) or a strong acid (e.g. HCI). Examples of other suitable 
amino protecting groups are provided In "Protective Groups in Organic Synthesis", Second Edition, by T. W. 
Greene and Peter G. M. Wuts, Chapter 7, page 309-405 (1991), John Wiley & Sons, Inc., publishers. The Boc, 
or other suitable protecting group, is removed from the azetidine ring nitrogen which is then acylated with the 
20 desired amino acid acyl group to afford the tripeptide shown below. 



25 PY-COOH+HN- 



o 
ii 

PY-CN- 



N 
I 

C=NH 
I 

NHP 



(g) 



II H 

TO 



N 
I 

C=NH. 
I 

NHP 



35 



45 



50 



55 



Although illustrated and described for those compounds of the present invention where X is azetidinyl-2- 
carbonyl, one skilled in the art will appreciate these procedures can also be used to afford those compounds 
of the present invention where x is prolinyl. 

The coupled Arg(P) lactam product (g) is reduced with a hydride reducing agent, preferably lithium alumi- 
num hydride or lithium tri-tert-butoxyaluminohydride in an inert solvent or mixture of solvents to reduce the 
lactam and provide the tripeptide in the arginine aldehyde form represented by the formula PY(C=0)-Azt- 
Arg(P)-H wherein P represents an amino protecting group. The protecting groups are removed by procedures 
known to those skilled in the art such as hydrogenation over a metal catalyst The protecting groups may be 
removed from the Y-group and from the arginal group simultaneously or sequentially, depending upon the pro- 
tecting groups utilized. 

Alternatively, the compounds of the invention are prepared by coupling the PYCOOH acid with carboxy 
protected 2-azetidine-carboxylic acid. The carboxy is deprotected as the dipeptide which is then coupled with 
the amino protected arginine in the lactam form prepared as described above. The tripeptide is then reduced 
to provide the amino protected arginal tripeptide as described above. 

The coupling of an PYCOOH compound is carried out by first protecting the amino group of the amino acid. 
Conventional amino protecting groups commonly used for temporary protection or blocking of the amino group 
are employed. Examples of such protecting groups are described above. 

The coupling reactions described above are carried out in the cold preferably at a temperature between 
about -20 °C and about 15 °C. The coupling reactions are carried out in an inert organic solvent such as di- 
methyiformamide, dimethylacetamide, tetrahydrofuran, methylene chloride, chloroform, and like common sol- 
vents or a mixture of such solvents. Generally anhydrous conditions are used when, in the coupling reaction, 
an active ester of the acylating acid is used. 

For those compounds of formula I where the intermediates for the Y substituent (i.e., ct.a-disubstituted 
amino acids of formula Y-COOH) are not commercially available, the starting amino acid derivatives can be 
readily prepared by the methods illustrated beiow in scheme 2. A suitable a-amino ester is condensed with 
benzophenone imine and the resulting imines are deprotonated with a strong base such as potassium t-but- 
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oxide or lithium bis(trimethylsilyl)amide. The resulting carbanions are then treated with an appropriate elec- 
trophile such as primary alkylhalides, allylic alkyl halides or benzyl ic alkyl halides. The imine can then be re- 
moved by treatment with aqueous acid (from about 1 N to about 3 N inorganic acid, preferably HCI) and the 
resulting amino acid derivative can be carried on to the compounds of formula I as described above. 

Scheme 2: 

NH 2 j v NH j i 

4 -z 1 -c-C0 2 ester + \0/ "~~ \0/ ~ 



(h) (i) 



20 H 



<^i-^> SET- 

N N 
R^-o-COjester R 4 -Z 1 -C-C0 2 ester 



R 

<3> (k) 



NH 2 

25 -SSiS ^ R 4 -Z 1 -<:-C0 2 est:er 



(1) 



In Scheme 2, Z\ R 4 and R 3 are as defined for formula I, L is a good leaving group, preferably halo, and 
°ester° is a suitable carboxy protecting group, preferably C r C A alkyl. The compound (1 ) Is further reacted using 
convential synthetic procedures to afford the desired Z substituent as defined for formula I. Such procedures 
include blocking the amino group with a suitable protecting group, deblocking the carboxy group and then car- 

35 rying out coupling to afford the compounds of the present invention as described above. 

An a-amino acid ester which is N-substituted (such as Azt) (ie„ those compounds of formula I were Z 
is -NHR 2 and is taken together with R 3 ) can be a-substituted directly, using a strong base (such as lithium dii- 
sopropyl amide, LDA) and an electrophiie R 4 -Z 1 -L, where R* and Z 1 are defined for formula I and L is a good 
leaving group, preferably halo, provided a nitrogen protecting group (P) is employed which is stable to the basic 

40 reaction conditions. 

Both of the above procedures for a-substituting an a-amino acid ester afford a mixture of enantiomers 
which can be separated or carried forward as a racemic mixture. 

A further method for preparing suitable a-substituted-a-amino acids (substituent Y of formula 1) is by 
means of the Strecker synthesis. Generally, a-amino nitriles are prepared by the treatment of an aldehyde or 
45 ketone with NaCN and NH 4 CI. Further details regarding this synthetic method, and variants thereof, are in 
March, Advanced Organic Chemistry. 3rd Ed., John Wiley & Sons, Inc. (1985), pp. 855-856. 

The compounds of the invention are isolated best in the form of acid addition salts. Salts of the compounds 
of formula I formed with acids such as those mentioned above are useful as pharmaceutically acceptable salts 
for administration of the antithrombotic agents andfor preparation of formulations of these agents. Other acid 
so addition salts may be prepared and used in the isolation and purification of the peptides. For example, the 
salts formed with the sulfonic acids such as methanesulfonic acid, n-butanesulfonic acid, p-toluenesulfonic acid 
and naphthalenesulfonic acid may be so used. 

The preferred method for purifying the compounds of formula I, while at the same time preparing a desired 
stable salt form, is that described in U.S. Patent 5,250,660. According to the method, stable sulfates or hydro- 
55 chlorides are provided by preparative purification over C 18 reversed-phase chromatography in which the aqu- 
eous component comprises sulfuric acid or hydrochloric acid at pH 2.5 and acetonitrile is the organic compo- 
nent. The pH of the acidic eluant is adjusted to between about phi 4 and about 6 with a basic anion exchange 
resin in the hydroxy! form, e.g. Bio-Rad AG-1X8. After adjustment of the pH, the solution of tripeptide sulfate 
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or hydrochloride salt is lyophilized to provide the pure salt in dry powder form. In an example of the process, 
crude EtOCO-D-Phe(aMe)-Pro-ArgH»HCI is dissolved in water and the solution is loaded on a Vydac C 18 
RPHPLC column (5 cm X 50 cm). Agradient (10 mUmin) of 2 through 20% B (Solvent A= 0.05% HCI; Solvent 
B = acetonitrile) over 280 min, followed by isocratic 20% B through 400 min is used. Multiple fractions are col- 
5 lected and those containing product as determined by analytical RPHPLC are pooled. The pH of the pooled 
fractions is adjusted to 4.5 with AG-1X8 resin in hydroxide form (Bio-Rad. 3300 Ragatta Blvd., Richmond, CA 
94804). The solution is filtered and the filtrate is lyophilized to provide the pure D-,L-,L- tripeptide in the form 
of the hydrochloride sait 

The optically active isomers of the diastereomers of the Y substituent are also considered part of this in- 
fo vention. Such optically active isomers may be prepared from their respective optically active precursors by 
the procedures described above, or by resolving the racemic mixtures. This resolution can be carried out by 
derivatization with a chiral reagent followed by chromatography or by repeated crystallization. Removal of the 
chiral auxiliary by standard methods affords substantially optically pure isomers of the compounds of the pres- 
ent invention or their precursors. Further details regarding resolutions can be obtained in Jacques, et al., Erv; 
15 antiomers, Racemates, and Resolutions, John Wiley & Sons, 1981. 

The compounds employed as initial starting materials in the synthesis of the compounds of this invention 
are well known and, to the extent not commercially available, are readily synthesized by standard procedures 
commonly employed by those of ordinary skill in the art. 

The following Examples are provided to further describe the invention and are not to be construed as lim- 
20 itations thereof. 

The Rf values in the following examples, unless otherwise stated, were determined by silica gel thin layer 
chromatography using Kieseigel 60F-254 (Merck, Darmstadt) in the following solvent systems: 

(A) chloroform-methanol-acetic acid, 135:15:1, v:v:v 

(B) ethyl acetate-acetic acid-absolute ethanoi, 90:10:10, v:v:v 
25 (C) chloroform-methanol-acetic acid, 90:30:5, v:v:v 

(D) ethyl acetate 

The analytical HPLC methods used in the examples were as follows: 
Method 1 . 

30 

Waters 600E using a Vydac C 1fl reversed-phase column of 0.46 cm x 10 cm. The chromatogram was moni- 
tored on an LDC at 21 4 nM using a gradient of A = water containing 0.1% (v:v)TFAand B = acetonitrile containing 
0.1%(v:v)TFA 

35 Method 2 . 

Pharmacia FPLC using a Vydac C 18 reversed-phase column measuring 0.46 cm x 10.0 cm. Monitoring was 
done on a Pharmacia UV-M at 214 nM using a gradient of either A = water containing 0.1% (v:v) TFA or B = 
acetonitrile containing 0.1% (v:v) TFA. 

40 

Method 3 . 

Hitachi L-6200 using a Vydac C 18 reversed-phase column of 0.46 cm x 10 cm. Samples were eluted using 
a gradient composed of A (0.1% (v:v) aqueous TFA) and B (0.1% (v:v) TFA in acetonitrile). The chromatogram 
45 was monitored at 214 nm using a L-4000 UV detector. 

The abbreviations used in this specification have the following meanings. 
Amino acids: Arg = argintne, Pro = proline, Azt = azetidine-2-carboxylic acid 
Boc = t-butyloxycarbonyl (t-butoxycarbonyl) 
Bzl or Bn = benzyl 
so Cbz = benzyloxycarbonyl 

DCC = dicyclohexytcarbodiimide 
DMF = dimethylformamide 
DMSO = dimethylsulfoxide 
EtOAc = ethyl acetate 
55 Et 2 0 * diethyl ether 

EtOH = ethanoi 

FAB-MS = fast atom bombardment mass spectrum 
FD-MS = field desprptlon mass spectrum 
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HOBT = 1 -hydroxy benzotriazole hydrate 
HPLC = High Performance Liquid Chromatography 
IR = Infrared spectrum 
LAH = lithium aluminum hydride 
5 NMR = nuclear magnetic resonance 

NMI = N-methylindole-2-carbonyl 
Phg = phenylglyclne 

RPHPLC = Reversed Phase High Performance Liquid 
Chromatography 
10 TFA = trif luoroacetic acid 

. THF = tetrahydrofuran 
TLC = thin layer chromatography 
OPFF = pentafluorophenoxy 
PFF = pentafluorophenyl 

15 Unless otherwise stated, pH adjustments and work up are with aqueous acid or base solutions. RPHPLC 
is carried out using 0.05% aqueous (v:v) HCI (designated "A" in the Examples) and acetonitrile (designated 
"B w in the Examples). Mixtures of Aand B are v:v. Where *H-NMR is shown, the product afforded by the reaction 
was characterized by proton NMR to confirm the described compound was obtained, 

20 Example 1 

Preparation of 1-Methyiindole-2-carbonyi-D-(g-methyl)phenylgiycinyl>Azt-Arg-H hydrochloride 
A) Boc-Arg(Cbz)-OH 

To a solution of Boc-Arg(HCI)-OH (82.1 g, 250 mmole) in 5 N NaOH (240 ml) chilled to -5 °C was added 
25 benzyl chloroformate (143 ml, 1 .0 mole) (4 eq.) dropwise over 55 minutes while the pH was maintained at 

13.2-13.5 by adding 5 N NaOH (250 ml). The aqueous layer was separated and extracted with Et 2 0 (2 x 
500 ml). The aqueous layer was acidified to pH 3.0 with 3 N H 2 S0 4 (560 ml) and extracted with EtOAc 
(550 ml). The organic layer separated and aqueous layer extracted with an additional amount of EtOAc. 
The combined organic layers were washed with water, dried (MgS0 4 ), and concentrated to dryness in va- 
30 cuo to give the title compound (66.1 g, 65 percent yield): 

TLC R, (C) 0.43; 
FD-MS 408 (M+); 

1 HNMR (CDCy 5 1.42 (s,9H), 1.61-1.91 (m f 4H), 3.23-3.41 (m,2H), 4.17 (d,1H), 5.21 (s,2H), 5.62 (d,1H), 

7.30-7.42 (m,6H), 8.27 (m,1H). 
35 B) Boc-Arg(Cbz)-lactam 

To a solution of Boc-Arg(Cbz)-OH (A) (66.0 g, 0.1 62 mole) in dry THF (230 ml), cooled to -1 0 °C, was 

added N-methylmorpholine (18.7 ml, 1.05 eq) followed by isobutyl chloroformate (22.5 ml, 1.05 eq). The 

reaction was stirred 5 minutes at -10 °C and triethyiamine (23.5 ml, 1 .05 eq) was added. After the reaction 

was stirred for one hour at -10 °C and one hour at room temperature the reaction was poured into 1 L of 
40 ice-water. The resulting precipitate was filtered, washed with cold water, and dried in vacuo. The product 

was crystallized from EtOAc to give the title compound as a white solid (38.05 g. 60 percent yield): 

TLC R, (A) 0.77; 

FD-MS 391 (MH + ); 

1 HNMR(CDCI 3 )S 1.48 (s,9H), 1.78-1.98 (m,2H), 2.50 (m,1H), 3.41 (m,1H),4.43 (m,1H), 4.90 (m,1H), 5.16 
45 (s,2H), 5.27 (m,1H), 7.28-7.45 (m,6H), 9.41 (m,1H), 9.68 (m,1H). 

C) HC!»Arg(Cbz)-lactam 

A solution of HCI(g) saturated in EtOAc (7.2 L) was added dropwise over 30 minutes to a solution of 
Boc-Arg(Cbz)-lactam (B) (641 g, 1.64 mol) dissolved in CH 2 CI 2 (3 L) at -10 °C. The reaction was allowed 
to stir one hour at -10 °C and slowly warmed to room temperature (3 hours). Diethyl ether (12 L) added 
so and the precipitate was filtered, washed with diethyl ether, and dried in vacuo to give the title compound 

(580 g): 

TLC Rf (C) 0.29; 
FD-MS 291 (MH*). 

D) Methyl N^diphenylmethylene-DL-phenylglycinate 

55 To a solution of benzophenone imine (53.8 g, 297 mmol) in methylene chloride (500 mL) at room tem- 

perature was added DL-phenylglycine methyl ester hydrochloride (59.9 g, 297 mmol) and the reaction stir- 
red for 48 hours. The reaction mixture was washed 3 times with water (200 mL) and the organic layer was 
separated, dried (MgS0 4 ) f filtered, and concentrated in vacuo to give a clear oil. The oil was crystallized 



12 




EP0 673 936 A1 



from pentane to give the title compound (98.5 g, 100 percent yield): 
FAB-MS 330 (MH+); 





Analysis calculated for C22H 19 N0 2 : 


5 




C 80.22, 


H 5.81, 


N 4.25; 




Found: 


C 80.50, 


H 5.93, 


N 4.14. 



E) Methyl N°diphenylmethylene-DL-(a-methyl)-phenyigtyclnate 

A solution of methyl N^iphenylmethylene-DL-phenylglycinate (D) (14.8 g, 44.8 mmol) in anhydrous 
THF (200 mL) was added dropwise to a mixture of 18-crown-6 (11 .8 g, 44.8 mmol), potassium hydride (11.2 
g, 67.3 mmol), THF (100 mL) under an inert atmosphere. To the reaction was added a solution of methyl 
iodide (6.0 mL, 89.7 mmol) in THF (20 mL) dropwise. The reation was stirred for an additional 1.5 hours 
at room temperature. To the reaction was added a solution containing D, HOAc (7.0 mL), water (25 mL), 
and THF (30 mL) dropwise. The reaction was diluted with ethyl acetate and water, the organic layer was 
separated, washed three times with water, dried (MgS0 4 ), and filtered. The filtrate was concentrated in 
vacuo to give an oil which crystallized from hexane to give the title compound (10.2 g, 66 percent yield): 
FAB-MS 344 (MKT); 



20 


Analysis calculated for C2 3 H 21 N0 2 : 






C 80.44, 


H6.15, 


N 4.08; 




Found: 


C 80.40, 


H 6.26, 


N 4.03. 



25 

F) DL-(a-Methyl)phenyiglycine 

A solution of methyl N Q diphenyImethylene-DL-(a-methyl)phenylglycinate (E) (72.4 g, 211 mmol) in 5 
N HCI (400 mL) was refluxed (24 hours). The solution was cooled to room temperature, filtered, and the 
filtrate pH adjusted to 5.8 with dilute NH 4 OH solution. The aqueous solution concentrated in vacuo until 
30 crystallization began. The reaction stored overnight at 5 °C and the precipatate filtered, and dried in vacuo 
to give the title compound (22 g, 63 percent yield): 
FAB-MS 166 (MHT). 

G) D-(a-Methyl)phenylglycine 

A solution of DL-(a-methyI)phenyl glycine (F) (87 g t 431 .4 mmol) in water was adjusted to pH 6.0 with 

35 5 N NaOH. The precipitate was filtered and dried to yield 82 g of white solid. The solid (82 g) was suspended 

In 96 percent formic acid (750 mL) and acetic anhydride (200 mL, 431.4 mmol) was added slowly to the 
reaction mixture. The reaction was allowed to stir at room temperature for 30 minutes and the solution con- 
centrated in vacuo to an oil. The oil was dissolved in EtOAc (1500 mL), washed three times with water, 
dried (MgSO*), and filtered. The filtrate was concentrated in vacuo and crystallized from EtOAc/hexane 

40 to give a white solid of N^formyl-DL-(a-methyl)phenyIglycine (77.9 g, 93 percent). The N a -formyl-DL-(a> 

methyl)phenylglycine (77.3 g, 400 mmol) was dissolved in EtOAc (450 mL) and EtOH (50 mL). To this sol- 
ution was added quinine (68.1 8 g, 21 0 mmol) and diethylether (1 000 mL). The solution was allowed to stand 
at room temperature (24 hours). The resulting crystalline material was filtered and the mother liquors were 
concentrated in vacuo to a white solid. The white solid was suspended in EtOAc, washed with 1.5 N citric 

45 acid, water, dried (MgS0 4 ), and filtered. The filtrate was concentrated in vacuo to a white solid of Na-for- 

myl-D-(a-methyl)phenylglycine (26.3 g, 67 percent yield);. [a] D = v -61° (C = 0.5/MeOH). The NMormyl-D- 
(a-methyl)phenylglycine (25 g, 124 mmol) was suspended in 2 N HCI (130 mL) and the reaction was re- 
fluxed (2 hours). The reaction mixture was cooled to room temperature and the aqueous solution concen- 
trated in vacuo until crystallization began. The precipitate was collected and dried in vacuo to give pure 

so title compound (1 8.6 g, 74 percent yield). 

H) 1-Methylindole-2-carbonyl-D-(a-methyl)phenylglycine 

To a solution of D-(a-methyl)phenylglycine (G) (2.01 g, 10 mmol) in water was added 2 N NaOH to 
adjust the pH to 6.5 and the solution was freeze dried. The solid was suspended in DMF (30 mL), bis(tri- 
methylsilyl)acetamide (3.7 mL, 15 mmol), and 1 -methyl indoie-2-carboxylic acid pentafluorophenyl ester 
55 (3.41 g, 10 mmol) was added to the reaction. The reaction mixture was stirred at 60 °C (24 hours) and 

concentrated in vacuo to an oil. The residue was dissolved in water (100 mL), diethyl ether (50 mL), and 
the pH adjusted to 9.0 with 2 N NaOH. The aqueous layer was separated, EtOAc (150 mL) was added, 
and the solution was acidified with 5 N HCI to pH 2.8. The organic layer separated, dried (MgS0 4 ), filtered, 
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and concentrated in vacuo to an amorphous solid of the title compound (2.27 g, 70 percent yield): 
FAB-MS 323 (MH+). 

I) 1 -Methyl indole-2-carbonyl-D-(a-methyl)phenylglycinyl-Azt-OH 

To a solution of 1-methylindole-2-carbonyl-D-(a-methyl)phenylglycine (H) (2.2 g, 6.9 mmol) in EtOAc 

5 (25 mL) was added 2,4,5 trichlorophenol (1.65 g, 8.3 mmol), DCC (1.72 g, 8.3 mmol), and cooled to 0 °C. 

The reaction was stirred for one hour at 0 °C and 1.5 hours at room temperature. The resultant precipitate 
was removed by filtration, and the mother liquor was concentrated in vacuo to an oil. The resultant oil was 
dissolved in pyridine (35 mL), and L-azetidine-2-carboxylic acid (0.7 g, 6.9 mmol), and triethyiamine (0.97 
mL, 6.9 mmol) were added to the reaction mixture. After the reaction was stirred at room temperature (24 

10 hours) the pyridine was removed in vacuo to an oil. The residue was dissolved in water (100 mL), diethyl 

ether (50 mL) and the pH of the solution was adjusted to 9.0 with 2 N NaOH. The aqueous layer separated, 
EtOAc (150 mm) was added, and the pH of the solution adjusted to 3.0 with 3 N HCI. The organic layer 
separated, dried (MgS0 4 ), filtered, and the filtrate evaporated in vacuo to an amorphous solid of crude 
title compound (2.3 g). The crude solid (2.3 g) was purified by chromatography on silica gel using a step 

is gradient elution (CHCI 3 100 to CHCt 3 -MeOH 70:30) to yield pure title compound as an amorphous solid 

(0.81 g, 29 percent yield): 
FD-MS 406 (MhP). 

J) 1-Methylindole-2-carbonyl-D-(a-methyl)phenylglycinyi-Azt-Arg(Cb2)-lactam 

In flask 1 1-methylindole-2-carbonyl-D-(a-methyl)phenylgtycinyl-A2t-OH (I) (0.51 g, 1.5 mmol) was 
20 dissolved in DMF (10 mL), cooled to -15 °C, and N-methyimorpholine (0.17 mL, 1.55 mmol) was added 

followed by isobutylchloroformate (0.19 mL, 1.41 mmol). The reaction mixture was stirred at -15 °C for 2 
minutes. In flask 2 HCI«Arg(Z)-lactam (C) (0.46 g, 1.41 mmol) was dissolved in DMF (10 mL), cooled to 0 °C, 
and diisopropylethylamine (0,27 mL, 1.55 mmol) was added. The reaction mixture was stirred at 0 °C for 
2 minutes. 

25 The contents of flask 2 were added to flask 1 , and the reaction mixture was stirred for 4 hours (-15 °C) 

followed by 24 hours at room temperature. A solution of 1 N NaHC0 3 (2 mL) was added, and the reaction 
mixture concentrated in vacuo. The residue was dissolved with EtOAc (100 mL) and water (50 mL). The 
organic layer was separated and washed sequentially with 1 N NaHC0 3 , water, and 0.1 N HCI. The organic 
layer was dried (MgS0 4 ), filtered, and evaporated In vacuo to an amorphous solid of title compound (0.88 

30 g, 92 percent yield): 

TLCR,(A)0.74; . 
FAB-MS 678 (MH*). 

K)J-Methylindole-2-(^rbonyl-r>(a-methyl)phenyigiycinyl-Azt-Arg-HHCi 

To a stirred, cooled (-70 °C) solution of 1 -methyl indole- 2-carbonyl-D- (a-methyl) phenyl glycinyf-Azt- 

35 Arg(Cbz)-lactam (J) (0.81 g, 1.19 mmol) under a nitrogen atmosphere in anhydrous THF (50 mL) was add- 
ed lithium aluminum hydride 1 M in THF (1 .2 mL, 1.2 mmol). The reaction stirred for 30 minutes at -70 °C. 
A solution of 5 mL of THF and 5 mL of 0.5 N H 2 S0 4 was added dropwise to the reaction. The reaction was 
diluted with EtOAc (100 mL) and water (50 mL). The organic layer was separated, dried (MgS0 4 ), filtered, 
and concentrated to dryness in vacuo to give an amorphous solid (0.76 g). The solid was dissolved in etha- 

40 nol (100 mL), water (25 mL), and 1 N HCI (1.67 mL, 1.67 mmol), and was hydrogenated in the presence 

of 5 percent Pd/C catalyst (0.5 g) at ambient temperature and pressure. After the reaction was completed, 
the catalyst was removed by filtration. The filtrate was concentrated to 1 00 mL in vacuo and freeze dried. 
The white solid was dissolved in water, filtered through a Millipore 0.5 urn filter, and freeze dried to give 
pure title compound (0.445 g, 64 percent yield): 

45 FAB-MS 546 (MKT); 

[a] D = -42.9° ( = 0.5/0.01 N HCI). 

Example 2 

50 Preparation of D-Prolinyl-(abenzyl)-L-prolinyl-L-arginine Aldehyde Dihydrochloride Dihydrate 



55 



14 



5 



10 



15 




NH NH 2 



A) N-Cbz-Pro-OMe 

20 To a solution of N-Cbz-proline (140 g, 562 mmol) in methanol (850 mL) was added p-toluenesulfonic 

acid monohydrate (5 g, 26 mmol). The solution was heated to reflux and stirring continued for 12 h. The 
heating mantle was removed, and after cooling to room temperature, the solvent was removed by rotary 
evaporation. The residue was dissolved in ethyl acetate (500 mL), and washed twice with saturated aqu- 
eous NaHC0 3 (300 mL), twice with brine (200 mL), dried with MgS0 4 , filtered and concentrated to give a 

25 colorless oil (129 g, 88% yield): 
FD-MS m/e 263 (M + ); 





Analysis calculated for CuH^NO*: 


30 




C 63.87, 


H 6.51, 


N 5.32; 




Found: 


C 64.03, 


H 6.56, 


N 5.28. 



B) N-Cbz-D,L-Pro-(abenzyi)-OMe 

To a 0.5 M solution of potassium hexamethyldisilazide (200 mL, 100 mmol) in toluene at -78 °C and 
under N 2 , was added a solution of N-Cbz-Pro-OMe In tetrahydrofuran (150 mL) via an addition funnel over 
1 h. To this mixture was then added a solution of benzyl bromide (11.9 mL, 100 mmol) in tetrahydrofuran 
(50 mL), via another addtion funnel over 15 min. The cold bath was removed after stirring for 20 h, 1 N 
citric acid (100 mL) was added. The solution was then concentrated to a volume of about 100 mL In vacuo 
and then partitioned between ethyl acetate (300 mL) and water (200 mL). The organic phase was then 
washed with 1 N citric acid (200 mL), twice with saturated aqueous NaHC0 37 twice with brine, dried with 
MgS0 4 , filtered and concentrated in vacuo to give an amber oil. The oil was then chromatographed over 
silica gel, eluting with a gradient from hexanes through 20% ethyl acetate/hexanes. The product containing 
fractions as judged by TLC were combined and concentrated to give a colorless. oil (26.9 g, 76% yield): 
1 H-NMR. 

C) N-Cbz-D,L-Pro-(abenzy!)-OH 

To a solution of N-Cbz-D,L-Pro-(abenzyl)-OMe (26.9 g, 76 mmol) in p-dioxane (200 mL) was added 
a solution of LiOH«H 2 0 (12.8 g, 304 mmol) in water (1 00 mL). The solution was heated to reflux and stirring 
continued for 12 h. The heating mantle was then removed and after cooling to room temperature, the sol- 
vents were removed by rotary evaporation. The residue was dissolved in water (300 mL) and washed with 
- diethyl ether (200 mL). The aqueous phase was then acidified with 1N citric acid and then extracted three 
times with diethyl ether (300 mL). The combined ether extracts were dried with MgS0 4 , filtered and con- 
centrated to give a white solid (23.9 g, 92% yield): 
1 H-rNMR; 

FD-MS m/e 340 (MH + ); 
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Analysis calculated for C20H21NO4: 






C 70.78, 


H 6.24, 


N4.13; 


5 


Found: 


C71.00, 


H 6.38, 


N 4.17. 



D) N-Cbz-D-Pro-(abenzyl)-Pro-OMe 

To a solution of N-Cbz-D-Pro-(abenzyl)-OH (23 g, 68 mmol), Pro-OMe»HCI (14 g, 85 mmol), 1-hy- 
droxybenzotriazole (11.4 g, 85 mmol), and N.N-diisopropylethylamine (35.4 mL t 203 mmol) in dichlorome- 

10 thane (400 mL) was added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (16.2 g, 85 

mmol). After stirring for 12 h, the solvent was removed in vacuo. The residue was dissolved in ethyl acetate 
(500 ml_) and washed twice with 1 N citric acid (200 mL), twice with saturated aqueous NaHC0 3 , and twice 
with brine. The ethyl acetate was removed by rotary evaporation to give a yellow oil. The oil was chroma- 
tographed, eluting with a solvent gradient from hexanes through 30% ethyl acetate/hexanes. The fractions 

is containing the higher R, diastereomer only (TLC, R< 0;38, 10:1 chtoroform:methanol) were combined and 
concentrated to give a white crystaline solid (1 0.5 g, 34%). Subsequently, the structure and stereochem- 
istry of this diastereomer was proven to be N-Cbz-D-Pro-(abenzyl)-Pro-OMe by single crystal X-ray dif- 
fraction analysis. 
1 H-NMR; 

20 FD-MS m/e 450 (M*); 





Analysis calculated for C^H^N^s: 






C 69.31, 


H6.71, 


N 6.22; 


25 


Found: 


C 69.18, 


H 6.73, 


N 6.25. 



E) N-Cbz-D-Pro-(abenzyl)-Pro-OH 

To a solution of N-Cbz-D-Pro-(abenzyl)-Pro-OMe (8 g, 17.8 mmoi) in p-dioxane (200 mL) was added 
a solution of LiOH»H 2 0 (3 g, 71 mmol) in water (100 mL) with vigorous stirring. After 12 h, the solution 
was concentrated to a volume of 50 mL in vacuo, diluted with water (100 mL), and extracted twice with 
diethyl ether (150 mL). The aqueous phase was adjusted to pH 2 with 5 N aqueous HCI and the resulting 
precipitate was filtered, washed with water and dried to give a white solid (4.2 g, 54% yield). The combined 
aqueous phase was extracted twice with ethyl acetate (250 mL) and the resulting organic phase was wash- 
ed with brine (200 mL), dried with Na 2 S0 4 , filtered, and concentrated to give another 3.2 g (41% yield) of 
the same product (95% yield combined): 
1 H-NMR; 

FD-MS m/e 437 (MH 4 ); 



Analysis calculated for C25H2BN2O5: 


Found: 


C 68.79, 
C 68.51, 


H 6,47, 
H6.51, 


N 6.42; 
N 6.45. 



45 F) D-Pro-(abenzyl)-Pro-Arg-H»2 HCI 

By methods substantially equivalent to those described in example 1-J and 1-K, using LiAI(C-t-Bu) 3 H 
at -23 °C In place of LAH at -78 °C, 1.3 g of D-Pro-(abenzyt)-Pro-Arg-H«2 HCI dihydrate was prepared 
from N-Cbz-D-Pro-(abenzyl)-Pro-OH. Purification by RPHPLC was not required. 
1 H-NMR, 

50 FAB- MS m/e 443 (MhT); 



55 



Analysis calculated for C23H M N 6 0 3 »2.5 HCI»2 


H 2 0: 










C 48.49, 


H7.16, 


N 14.75; 


Found: 


C 48.84, 


H7.05, 


N 14.48. 
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Example 3 

Preparation of Prolinyl-(abenzyl)-L-prolinyl-L-arginine Aldehyde Pi hydrochloride 



5 



10 



15 



20 




A) N-Cbz-Pro(abenzyl)-Pro-OMe 

N-Cbz-Pro(abenzyl)-Pro-OMe was prepared in Example 2-P. After silica gel chromatography of the 
25 yellow oil, the fractions containing lower R, material (TLC, Rf 0.31 ? 10:1 chloroform:methanol) were com- 
bined and concentrated to give a white foam (9.6 g, 31% yield), which was assigned by inference to be N- 
Cbz-Pro-(abenzyl)-Pro-OMe: 
1 H-NMR; 

FD-MS m/e 450 (M + ); 



Analysis calculated for C2eH3oN 2 0 5 : 


Found: 


C 69.31, 
C 69.25, 


H6.71, 
H 6.93, 


N6.22; 
N6.16. 



B) Pro(ctbenzyl)-Pro-Arg-H»2 HCI 

By methods substantially equivalent to those described in Example 2-E and 2-F, 2.0 g of Pro(abenzyl)- 
Pro-Arg-H»2 HCI dihydrate was prepared from N-Cbz-Pro-<abenzyl)-Pro-OMe. Purification by RPHPLC 
was not required: 
1 H-NMR; . 
FAB-MS m/e 443 (MhT); 



Analysis calculated for C^H^N^^ HCI»2.5 


H 2 0: 










C 46.28, 


H 7.09, 


N 14.08; 


Found: 


C 46.67, 


H7.13, 


N 13.75. 



50 

Example 4 

Preparation of Azetidinyl (abenzyl)-L-prolinyl-L-arginlne Aldehyde Pi hydrochloride 

55 
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5 



10 




NH NH 2 



Azt(ctbenzyl)-Pro-Arg-H»2 HCI 
is By methods substantially equivalent to those described in Example 1-A and 2, 1 .5 g of Azt(abenzyl)-Pro- 
Arg-H«2 HCt was prepared from azetidine-2-carboxylic acid. Purification by RPHPLC was not required: 
1 H-NMR; 

FAB-MS m/e 429 (MH + ); 



Analysis calculated for C^r^NgOa^.S HCI»2 


H 2 0; 










C 47.55, 


H 6.98, 


N 15.12; 


Found: 


C 47.21. 


H 6.62. 


N 14.83. 



Example 5 

- Preparation of N-Ethoxycarbonyl-D-phenylalanyl(amethyl)-L-prolinyi-L-arginine Aldehyde Hydrochloride 



35 



40 




A) EtOCO-D,L-Phe(aMe)-OH 

To a stirring suspension of D,L-Phe(aMe)-OH (7.5 g, 42 mmol) in tetrahydrofurah (250 mL) was added 
N,0-bis(trlmethylsilyl)acetamide (12.8 g f 62.8 mmol). Upon clarification the solution was cooled to 0 °C 
and N,N-diisopropylethylamine (5.4 g, 42 mmol) was added, followed by ethyl chloroformate (4.5 g, 42 
mmol). After 2 h, water (100 mL) was added and then. the organic solvent was removed in vacuo. The aqu- 
eous phase was diluted with 1 N NaOH and washed twice with diethyl ether. The aqueous phase was then 
acidified to pH 2 with concentrated HCI and extracted three times with ethyl acetate. The combined ethyl 
acetate extracts were dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give 10.3 g (98% yield) of a 
white solid: 
1 H NMR. 

B) EtOCO-D,L-Phe(aMe)-Pro-OBzl 

To a stirring solution of EtOCO-D,L-Phe(aMe)-OH (10.3 g, 41 mmol), HOBT (5.5 g, 41 mmol), Pro- 
OBzUHCI (9.9 g, 41 mmol) and N.N-diisopropylethylamine (15.9 g, 123 mmol) in dimethylformamide (200 
mL) at 0 °C, was added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide«HCI (8.6 g, 45 mmol). After stirring 
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for 16 h, the solvents were removed in vacuo and the residue was dissolved in ethyl acetate (500 mL). 
The organic phase was washed three times with 0.1 N HCI, three times with saturated aqueous NaHC0 3 , 
and once with brine. The organic phase was then dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The 
residue was chromatographed over silica gel eluting with 1:1 ethyl acetate:hexanes and the product con- 
5 taining fractions (as judged by TLC) were combined and concentrated in vacuo to give 13.5 g (75% yield) 

of a white foam: 



iH NMR; 

FD-MS m/e 438 (M + ); 



10 


Analysis calculated for C^Hso^Os: 






C 68.47, 


H 6.90, 


N 6.39; 




Found: 


C 68.20, 


H 7.09, 


N 6.28. 



C) EtOCO-D,L-Phe(aMe)-Pro-OH 

To a stirring solution of EtOCO-D,L-Phe(aMe)-Pro-OBzl (1 3.2 g, 30 mmol) in p-dioxane (250 mL) was 
added a solution of LiOH»H 2 0 (6.3 g, 151 mmol) in water (125 mL). After stirring for 2.5 h, the solvent was 
removed in vacuo and the residue was diluted with water and washed three times with diethyl ether. The 
aqueous phase was then taken to pH 2 with cone. HCI and extracted three times with ethyl acetate. The 
combined ethyl acetate extracts were dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give 10.7 g 
of a white solid: 



1 H NMR; 

FD-MS m/e 349 (MH 4 ); 



25 


Analysis calculated for C 18 H24N 2 0s: 






C 62,05, 


H 6.94, 


N 8.04; 




Found: 


C 62.29, 


H 6.98, 


N 8.12. 



30 



D) .Boc-Arg(Cbz)-OH 

Boc-Arg(HCI)-OH (82.1 g, 250 mmol) was dissolved in 5 N NaOH (240 mL) in a 3 necked flask. The, 
reaction mixture was chilled to -5 °C and the pH was maintained at 13.2-13.5 using 5 N NaOH (250 mL) 
while adding benzyl chloroformate (143 mL, 1.0 mol) dropwise (55 min). The reaction mixture was stirred 

35 for an additional 1 hour at -5 °C and diluted with water (100 mL) and diethyl ether (500 mL). The aqueous 

layerwas separated and extracted twice with diethyl ether(500 mL). The aqueous layer was then acidified 
to pH 3.0 with 3 N H 2 S0 4 (560 mL) and extracted with ethyl acetate (550 mL). The aqueous layerwas sepa- 
rated and extracted once with ethyl acetate. The combined ethyl acetae layers were washed with water, 
dried (MgS0 4 ) and concentrated in vacuo to give 66. 1g (65% yield) of a white solid: 

40 1 H NMR; 

FD-MS 408 (M*). 

E) Boc-Arg(Cbz)-lactam 

Boc-Arg(Cbz)-OH (66.0 g, 0.162 mol) was dissolved in tetrahydrofuran (230 mL) and cooled to -10 °C. 
To this solution was added N-methyfmorpholine (18.7 mL, 0.17 mol) followed by iso butyl chloroformate 

45 (22.5 mL, 0.17 mol). After stirring 5 minutes at -10 °C, triethyiamine (23.5 mL, 0.17 mol) was added. After 

an additional 1 hour at -1 0 °C, the mixture was allowed to warm to room temperature and stirring continued 
for 1 h at room temperature. The reaction mixture was then poured into 1 L of ice-water and the resulting 
precipitate was filtered, washed with cold water, and dried in vacuo. The product was crystallized from ethyl 
acetate to give 38 g (60% yield) of a white solid: 

50 'HNMR; 

FD-MS 391 (MH + ): 

F) 2 HCI-Arg(Cbz)-lactam 

Asoiution of HCI(g) saturated in ethyl acetate (7.2 L) was added dropwise over 30 minutes to a solution 
of Boc-Arg(Cbz)-lactam (641 g, 1 .64 mol) dissolved in dichloromethane (3 L) at -1 0 °C. After 1 h at -1 0 °C 
55 the cold bath was removed and the solution was allowed to warm to room temperature over 3 h. Diethyl 

ether (12 L) was added and the resulting precipitate was filtered, washed with diethyl ether, and dried in 
. vacuo to give 580 g (97% yield): 
FD-MS 291 (MH + ). 
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G) EtOCO-D-Phe(aMe)-Pro-Arg(Cbz)lactam 

In flask 1, EtOCO-D,L-Pne(aMe)-Pro-OH (6 g t 17.2 mmol) was dissolved in dimethylformamide (100 
mL), cooled to -15 °C and N-methylmorpholine (1.7 g, 17.2 mmol) was added, followed by isobutyl chlor- 
oformate (2,4 g, 17.2 mmol). The reaction mixture was allowed to stir at -15 °C for 10 min, 

5 In flask 2, HCI-Arg(Cbz)Iactam (6.3 g, 17.2 mmol) was dissolved in dimethyiformamide (100 mL), 

cooled to 0 °C, and N.N-dtisopropylethylamine (4.5 g, 34.5 mmol) was added. 

The contents of flask 2 were added to flask 1 in one portion and the reaction mixture was allowed to 
slowly warm to room temperature (24 h). Then saturated aqueous NaHC0 3 (100 mL) was added and the 
solvent was removed in vacuo. The residue was partitioned between ethyl acetate and water and the layers 

10 . were separated. The organic layer was washed twice with 0.01 N HCI, twice with saturated NaHC0 3 , and 
once with brine. The organic layer was dried (Na 2 S0 4 ), and the filtrate was concentrated in vacuo. The 
residue was chromatographed over silica gel, eluting with ethyl acetate, which provided separation of the 
diastereomeric products. The fractions containing pure EtOCO-D-Phe(aMe)-Pro-Arg(Cbz)lactam (TLC R, 
= 0.57,4:1 ethyl acetate:acetonitrile) were combined and concentrated in vacuo to give 1.3 g of white foam. 

15 The fractions containing pure EtOCO-Phe(aMe)-Pro-Arg(Cbz)lactam (TLC R, = 0.44, 4:1 ethyl acet- 
ate:acetonitrile) were combined and concentrated in vacuoto give 1 .7 g of white foam. Fractions containing 
a mixture of the two diastereomers were combined and concentrated in vacuo to give 3.3 g of white foam. 
The mixture was chromatographed again and the pure fractions of each diastereomer were combined with 
those from the initial chromatography and concentrated in vacuo to give a total of 2.1 g (20%) of EtOCO- 

20 D-Phe(aMe)-Pro-Arg(Cbz)lactam and 3.7 g (35%) of EtOCO-Phe(aMe)-Pro-Arg(Cbz)lactam. The struc- 

ture of the diastereomeric tripeptides was tentatively assigned by inference from the biological activity of 
the corresponding arginine aldehydes: 
1 H NMR; 

FD-MS m/e 621 (M + ); 



Analysis calculated for C^hl^NaO/: 


Found: 


C 61.92, 
C 61.74, 


H 6.50, . 
H6.51, 


N 13.54; 
N 13.33. 
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H) EtOCO-D-Phe(aMe)-Pro-Arg-H»HCI 

To a stirring solution of EtOCO-D-Phe(aMe)-Pro-Arg(Cbz)lactam (2 g, 3.2 mmoi) in tetrahydrofuran 
(50 mL) at -23 °C, was slowly added a solution of 1 N LiAI(0-t-Bu) 3 H (4.8 mL, 4.8 mmol) in tetrahydrofuran. 
After 2.5 h, the reaction mixture was poured into a stirring solution of cold 1 N HCI (50 mL). The solution 
was then diluted with water (100 mL), washed with 1:1 tetrahydrofuran :hexanes (200 mL) and extracted 
twice with ethyl acetate and once with n-butanol. The combined ethyl acetate and n-butanol extracts were 
dried (Na 2 S0 4 ), and concentrated in vacuo. 

The residue was then dissolved in ethanol (75 mL) and then water (25 mL) and 1 N HCI (10 mL) were 
added. To this stirring solution was then added 5% Pd on carbon (1 g). H 2 was then bubbled through the 
solution for 1.5 h, and then the reaction was flushed with N 2 and filtered over a pad of diatomaceous earth. 
The ethanol was removed in vacuo at 35 °C and then the resiude was redissolved in water (25 mL). The 
pH of the aqueous solution was adjusted to 4.7 with Bio Rad ion exchange resin (basic form), filtered and 
lyophilized to give 1.15 g of a white powder. The product was then purified by RPHPLC (98/2 (A:B), 40 
min; ramp up to 80/20 (A;B), 280 min; hold to 400 min) to give 0.49 g (29%) of pure EtOCO-D-Phe(aMe)- 
Pro-Arg-H»HCI dihydrate: 
<H NMR; 

FAB-MS m/e 489 (MH + ); 



Analysis calculated for CaAHjeNeOsfHCI: 



Found: 



C 54.91, 


H7.10, 


N 16.01, 


CI 6.75; 


C 54.89, 


H7.12, 


N 15.81, 


CI 6.87. 



Example 6 

Preparation of N-Ethylsulfonyl-D-phenyialanyl(gmethyl)-L-prolinyl-L-arglnine Aldehyde Hydrochloride 
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EtS0 2 , 



5 



10 




• HC1 

NH 2 



A) EtS0 2 -D,L-Phe(aMe)-OH 

To a stirring suspension of D,L-Phe(aMe)-OH (9 g, 50 mmol) in tetrahydrof uran (250 ml_) was added 
N p O-bis(trimethylsilyl)acetamide (15.3 g, 75 mmol); Upon clarification the solution was cooled to -78 °C 
and N,N-diisopropylethylamine (6.5 g, 50 mmol) was added, followed by ethanesulfonyl chloride (7.1 g, 
55 mmol). The mixture was allowed to warm slowly to room temperature. After 16 h, water (100 mL) was 
added and then the organic solvent was removed in vacuo. The aqueous phase was diluted with 1 N NaOH 
and washed twice with diethyl ether. The aqueous phase was then acidified to pH 3 with concentrated 
HQ and extracted three times with ethyl acetate. The combined ethyl acetate extracts were dried 
(Na 2 S0 4 ), filtered and concentrated in vacuo to give 4.9 g (36%) of a white foam: 
1 H NMR; 

FD-MS m/e 271 (M + ); 



30 



Analysis calculated for C 12 H 17 N0 4 S: 


Found: 


C 53.12, 
C 53.36, 


H 6.32, 
H 6.16, 


N5.16; 
N 5.08. 



B) EtS0 2 -D-Phe(aMe)-Pro-Arg-H*HCl - 

By methods substantially equivalent to those described in Example 5-B t 5-C, 5-G, and 5-H, there was 
prepared 1.1 g of EtSbj-D-PhefaMeJ-Pra-Arg-H^HCI. The diastereomeric peptides were separated at the 
lactam stage (see Example 5-G) by silica gel chromatography (EtS02-D-Phe(aMe)-Pro-Arg(Cb2)lactam; 
TLC Rf = 0.75, 4:1 ethyl acetate:acetonitrile). EtS0 2 -D-Phe(aMe)-Pro-Arg-H«HCI was purified by 
RPHPLC (98/2 (A/B), 40 min; up to 80/20 (A/B) t 280 min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 509 (MHT); 



40 


Analysis calculated for C^HaeNeOsS^HCI: 






C 50.68, 


H 6.84, 


N 15.42; 




Found: 


C 50.59, . . 


H 6.67, 


N 15.35. 
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Example 7 

Preparation of N-Ethoxycarbonyl-phenylalanyl(amethyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 
so ; ~ 



21 



8 



10 




NH NH 2 



EtOCO-Phe(aMe)-Pro-Arg-H«HC! 
is By methods substantially equivalentto those described in Example 5-H, 0.78 g (42%) of EtOCO-Phe(aMe)- 

Pro-Arg-H«HCI was prepared from EtOCO-Phe(aMe)-Pro-Arg(Cbz) lactam (for preparation of EtOCO- 

Phe(ctMe)-Pro-Arg(Cbz)lactam, see Example 5-G). EtOCO-Phe(aMe)-Pro-Arg-H»HCI hydrate was purified by 

RPHPLC (95/5 (A/B), 40 min; to 80/20 (A/B), 280 min; hold to 400 min): 

1 H NMR; 
20 FAB-MS m/e 489 (MH^; 





Analysis calculated for C^HaeNeOs^LI HCk0.5 H 2 0: 






C 53.61, 


H7.14, 


N 15.63, 


CI 7.25; 


25 


Found: 


C 54.01, 


H 6.70, 


N 15.12, 


CI 7.18. 



Example 8 

Preparation of N-(1-Methylindolyl-2-carbonyl-D-phenylalanyl(amethyt)-L-prolinyl-L-arginine Aldehyde Dihy- 
drochloride 



N -me thy 1 i ndo ly 1 - 2 - c a r bony 1^ 



40 




• HC1 



NH NH 2 

A) NMI-OPFF 

To a solution of N-methyl indole-2-carboxylic acid (25 g, 143 mmol) and pentafluorophenol (35.3 g, 
192 mmoi) in tetrahydrofuran (250 mL) was added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide«HCI 
(30.5 g, 1 59 mmol). After stirring for 5 h, the solution was diluted with dichioromethane (200 mL) and hex- 
anes (300 mL). The organic phase was washed with once with 1 N NaHS0 4 (100 mL), three times with 1 
N K 2 C0 3 (100 mL) and twice with brine. The organic phase was dried (Na 2 S0 4 ), filtered and concentrated 
in vacuo to give a tan solid which was recrystalized from hexanes to give 38 g (78% yield) of an off white 
solid: 
1H NMR; 

FD-MS m/e 341 (M + ); 
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Analysis calculated for C 16 H e N0 2 F 5 : 






C 56.32, 


H 2.36, 


N4.10; 


3 


Found: 


C 56.53, 


H 2.37, 


N4.20. 



B) NMI-D,L-Phe(aMe)-OH 

To a stirring suspension of D,L-Phe(aMe)-OH (2.5 g, 1 4 mmol) in dimethylformamide (50 mL) was add- 
ed N,0-bis(trimethylsiIyl)acetamide (4.3 g, 21 mmol). Upon clarification of the solution, NMI-OPFF (5 g, 
14.7 mmol) was added and the reaction was heated to 65 °C. After 16 h, the heating mantle was removed 
and water (20 mL) was added. The solvents were then removed in vacuo and the residue was dissolved 
in 1 N NaOH and washed three times with diethyl ether. The aqueous phase was then acidified to pH 3 
with 5 N HCI and extracted three times with ethyl acetate. The combined ethyl acetate extracts were dried 
(Na2S0 4 ), filtered and concentrated in vacuo to give a yellow oil which was chromatographed over silica 
gel, eluting with 70% ethyl acetate:hexanes (0.5% acetic acid). The product containing fractions as judged 
by TLC were combined and concentrated in vacuo. The residue was dissolved in toluene and concentrated 
in vacuo three times (to remove acetic acid) to yield 4 g (85% yield) of a white solid: 
1 H NMR; 

FD-MS m/e 336 (M + ); 



Analysis calculated for C2oH 2 oN20 3 : 


Found: 


C 71.41, 
C 71.66, 


H 5.99, 
H6.15, 


N8.33; 
N 8.05. 



C) NMI-D-Phe(aMe)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 5-B, 5-C, 5-G, and 5-H, 1.4 g of 
NMi-D-Phe(aMe)-Pro-Arg-H»HCI was prepared. The diastereomeric peptides were spearated at the lac- 
tam stage (see Example 5-G) by silica gel chromatography (NMi-D-Phe(aMe)-Pro-Arg(Cbz)lactam; TLC 
R f = 0.35, ethyl acetate). NMI-D-Phe(aMe)-Pro-Arg-H»HCI was purified by RPHPLC (95/5 (A/B) to 70/30 
(A/B), 180 min; hold to 400 min): 
1 H NMR; 

FAB-MS m/e 574 (MH^; 



35 


Analysis calculated for C 31 H3 9 N 7 04»HCI; 






C 61.02, 


H6.61, 


N 16.07, 


Ci 5.81; 




Found: 


C 61.30, 


H 6.40, 


N 15.98, 


CI 6.09. 



Example 9 

Preparation of 1-(Ethyisulfonylamino)cyclohexoyl-L-proiinyl-L-arginine Aldehyde 



Hydrochloride 



45 
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EtSO- 




HCI 
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1-(ethylsulfonylamino)cyclohexoyl-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 6, 0.95 g of 1-(ethylsulfonylamino)cy- 
clohexoyl-Pro-Arg-H«HCI hydrate was prepared from 1-arnino-cyclohexane-l-carboxyjic acid. 1-(EthylsuIfo- 
nylamIno)cycIohexoyl-Pro-Arg-H»HCI hydrate was purified by RPHPLC (98/2 (A/B) to 80/20 (A/B), 240 minV 
*H NMR; 

FAB-MS m/e 473 (MH*); 



Analysis calculatedfor CzoHaeNaOsS^HCloHsO: 



Found: 



C 45.58, 


H 7,48, 


N 15.94, 


CI 6.73; 


C 45.49, 


H 7.37, 


N 15.65, 


CI 6.54; 



Example 10 

Preparation of 1-(1 -Methyl indolyl-2-carbonylamino)cyclohexoyl-L-prolinyl-L-argi nine Aldehyde Hydrochloride 
N-methylindolyl-2-carbonyl\ 



NH 




• HCl 



NH NH 2 

1-(N-methylindotyl-2-carbonylamino)cyclohexoyl-Pro-Arg-H«HCI 

By methods substantially equivalent to those described in Example 8, 1.9 g of 1-(N-methylindolyl-2-car- 
bonylamino)cyclohexoyl-Pro-Arg-H»HCI hydrate was prepared from 1-aminocyciohexane-1-carboxylic acid. 
Purification by RPHPLC was not required: 
1 H NMR; 

FAB-MS m/e 538 (MH*); 



Analysis calculated for C2bH m Nt<V2 HCU1.5 


H z O: 










C 52.75, 


H 6.96, 


N 15.38; 


Found: 


C 53.11, 


H7.03, 


N 15.17. 



Example 11 

Preparation of N-Ethylsulfonylphenylalanyl(amethyO-L-prolinyl-L-arginlne Aldehyde Hydrochloride 
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EtS0 2 * 



15 



20 



NH 



Ph 



NH A 



HCl 



NH 

x 

NH NH 2 

N-EtS02_Phe(aMe)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 6, 0.73 g of EtS0 2 -Phe(aMe)-Pro-Arg- 
H*HCI dihydrate was prepared from EtS0 2 -Phe(aMe)-Pro-Arg{Cbz)lactam (TLC R, = 0.66, 4:1 ethyl acet- 
ate:acetonitrile). EtS0 2 -Phe(aMe)-Pro-Arg-H«HCI dihydrate was purified by RPHPLC (98/2 (A/B) to 85/15 
(A/B), 180 min): 
iH NMR; 

FAB-MS m/e 509 (MH*); 





Analysis calculatedfor C^HseNaOsS^HCW H 2 0: 






C 47.54, 


H 7.11, 


N 14.46, 


CI 6.10; 


25 


Found: 


C 47.80, 


H 6.65, 


N 14.23, 


CI 6.67. 
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Example 12 

Preparation of N-(1-Methylindolyl-2-carbonyl)phenylalanyl(amethyQ-L-proliny1-L-arginine Aldehyde Hydro- 
chloride 



N-methylindolyl-2-carbonyl^. 
35 NH 

^CH 3 
Ph ^ * 



40 



50 



NH X 



HCl 



NH 

x 

NH NH 2 

N-methylindolyl-2-carbonyl-Phe(aMe)-Pro-Arg-HtHCI 

By methods substantially equivalent to those described in Example 8, 0.29 g of N-methylindolyl-2-carbonyI- 
Phe(aMe)-ProArg-H#HCI hydrate was preparedfrom N-methylindolyl-2.carbonyl-Phe(aMe)-Pro-Arg(Cbz)lac- 
tam (TLC R f = 0.30, ethyl acetate). NMI-Phe(aMe)-Pro-Arg-H»HCI hydrate was purified by RPHPLC (95/5 (A/B) 
to 70/30 (A/B), 180 min; hold to 400 min); 
1 H NMR; 

FAB-MS m/e 574 (MH+); 



55 
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Analysis calculatedfor C 


3iH 3 9N70 4 »1.1 HCU1.5 H 2 0: 






C 58.10, 


H 6.78, 


N 15,30, 


Ct 6.09; 


5 


Found: 


C 58.25, 


H 6.55, 


N 15.00, 


CI 6.25. 



Example 1 3 

10 Preparation of N-Eth6xycarbonyl-D-phenylalanyl(aethyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 



15 



20 



30 



40 



.45 



55 



EtOCO^ 




HCl 



NH 

A 

NH NH 2 

A) N-(diphenylmethylene)Phe-OMe 

To a stirring suspension of Phe-OMe.HCI (89.3 g, 414 mmol) in dichloromethane (500 mL) was added 
a solution of benzophenone imine (75 g, 414 mmol) in dichloromethane (400 mL). After stirring for 16 h, 
the solution was filtered, washed with water, dried (Na 2 S0 4 ) and concentrated in vacuo. The residue was 
recrystallized from diethyl ether to give 107 g (75% yield) of white solid: 
1 H NMR; 

FD-MS m/e 343 (M+). 

B) N-(diphenylmethylene)-Phe(aEt)-OM"e 

To a stirring solution of potassium t-butoxide (9 g, 80 mmot) in tetrahydrofuran (500 mL) at -78 °C was 
added a solution of N-(diphenylmethylene)Phe-OMe (25 g, 73 mmol) in tetrahydrofuran (250 mL). After 
10 min, a solution of ethyl iodide (12.5 g, 80 mmol) in tetrahydrofuran (200 mL) was added. The cold bath 
was then removed and the solution was allowed to stir for 16 h. The solution was then filtered and the 
solvent was removed in vacuo. The residue was dissolved in diethyl ether and washed twice with water, 
once with brine, and then dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The residue was chroma^ 
graphed over silica gel, eluting with a step gradient of 5% ethyl acetate: hexanes through 10% ethyl acet- 
ate:hexanes. The product containing fractions as judged by TLC were combined and concentrated in vacuo 
to yield 1 8.1 g (70% yield) of a thick yellow oil: 
*H NMR; 

FD-MS m/e 371 (M + ). 

C) D,L-Phe(aEt)-OMe 

To a stirring solution of N-(diphenylmethylene)-Phe(aEt)-OMe (17.6 g, 47.4 mmol) in methanol (200 
mL) was added 5 N HCl (15 mL, 75 mmol). After 3 h, the solvent was removed in vacuo and the residue 
was dissolved in water and washed three times with diethyl ether. The aqueous phase was then adjusted 
to pH 10 with solid NaHC0 3 and extracted three times with ethyl acetate. The combined ethyl acetate ex- 
tracts were then dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give 8.75 g (89% yield) of clear, 
colorless oil: 
1 H NMR; 

FD-MS m/e 208 (MH+). 

D) D,L-Phe(aEt)-OH 

To a stirring solution of D,L-Phe(aEt)-OMe (24 g, 116 mmoi) in tetrahydrofuran (200 mL) was added 
5 N NaOH (24 mL, 120 mmol), followed by water (50 mL) and methanol (50 mL) and the solution was heated 
to reflux. After 16 h, the solution was cooled to room temperature and the solvents were removed in vacuo. 
The residue was dissolved in water and washed three times with diethyl ether. The pH was adjusted to 6 
with 5 N HCl and the solution was concentrated to a volume of about 50 mL in vacuo. The precipitate was 

26 
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10 



15 



25 



30 



35 



40 



filtered, washed with water and dried to give 17.5 g (78% yield) of white solid: 
1H NMR; 

FD-MSm/e194(MH + ); 



5 


Analysis calculated for C 11 H 15 N0 2 ; 






C 68.37, 


H 7.82. 


N 7.25; 




Found: 


C 68.58, 


H 7.65, 


N7.41, 



E) EtOCO-D-Phe(aEt)-Pro-Arg-H«HCI 

By methods substantially equivalent to those described in Example 5, 2.65 g of EtOCO-D-Phe(aEt)- 
Pro-Arg-H«HCI ethanoiate was prepared from D,L-Phe(aEt)-OH. Purification of EtOCO-D-Phe(aEt)-Pro- 
Arg-I-UHCI ethanoiate by RPHPLC was not required. The diastereomeric peptides were separated at the 
dipeptide ester stage (see Example 5-B) by silica gel chromatography (EtOCO-D-Phe(aEt)-Pro-OBzl; TLC 
R, = 0.66, 50% ethyl acetate: hexanes): 
1 H NMR; 

FAB-MS m/e 503 (MH*); 



Analysis calculated for C 2 5H3sN e 0 6 »1.1 HCk0.5 EtOH: 



Found: 



C 55.20, 


H 7.50, 


N 14.85, 


C 55.19, 


H7.13, 


N 14.55, 



CI 6.89; 
CI 6.79. 



Example 14 

Preparation of N-Ethoxycarbonylphenylalanyl(aethyl)-L-prolinyi-L-arginine Aldehyde Hydrochloride 
EtOCO-NH 




0 \ 



HCl 



NH 

A 

NH NH 2 



45 



50 



EtOCO-Phe(aEt)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 13, 2.15 g of EtOCO-Phe(aEt)-Pro- 
Arg-H»HCI ethanoiate were prepared from EtOCO-Phe(aEt)-Pro-OBzl (TLC Rf = 0.77, 50% ethyl acetate:hex- 
anes). Purification of EtOCO-Phe(aEt)-Pro-Arg-H»HCI ethanoiate by RPHPLC was not required: 
*H NMR; 

FAB-MS m/e 503 (MH + ); 



Analysis calculated for C 2 5H 38 N Q 05«2 HCl»0.5 


EtOH: 










C 52.17, 


H 7.24, 


N 14.04; 


Found: 


C 52.33, 


H 6.96, 


N 13.99. 
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Example 15 

Preparation of N-Ethoxycarbonyl-D-phenylalanyl(an-propyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 




HCl 



NH NH 2 



A) D,L-Phe(an-Pr)-OMe 

By methods substantially equivalent to those described in Example 13-A and 13-B, 10.1 g (63%) of 
D,L-Phe(an-Pr)-OMe was prepared from N-(diphenylmethylene)-Phe-OMe and n-propyl iodide: 
1 H NMR; 

FD-MS m/e 222 (MH^. 

B) EtOCO-D,L-Phe(an-Pr)-OH 

To a stirring solution of D,L-Phe(an-Pr)-OMe (9 g, 41 mmol) in tetrahydrof uran (250 mL) at 0 °C was 
added N,N-diisopropylethyiamine (5.3 g, 41 mmol) followed by ethyi chloroformate (4.4 g, 41 mmol). After 
3.5 h, the solvent was removed in vacuo and the residue was dissolved in ethyl acetate. The organic phase 
was washed twice with saturated aqueous NaHCOa, once with brine, and then dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo. 

The residue was dissolved in tetrahydrof uran (120 mL) and to this solution was added 5 N NaOH (11 
ml_ 55 mmol) with vigorous stirring, followed by methanol (30 mL). The solution was heated to 55 °C and 
allowed to stir for 48 h. The solution was then cooled to room temperature and the solvents were removed 
in vacuo. The residue was dissolved in water and washed twice with diethyl ether. The aqueous phase 
was adjusted to pH 3 with cone. HCl and extracted twice with ethyl acetate. The combined ethyl acetate 
extracts were dried (Na 2 S0 4 ), filtered and concentrated in vacuo to yield 10.3 g (91%) of a yellow solid- 
1 H NMR; 

FD-MS m/e 279 (M + ). 

C) EtOCO-D-Phe(an-Pr)-Pro-Arg-H«HCI 

, By methods substantially equivalent to those described in Example 5-B, 5-C, 5-G and 5-H, 0.69 g of 
EtOCO-D-Phe(ctn-Pr)-Pro-Arg-H«HCI was prepared. The diastereomeric peptides were separated at the 
dipeptide ester stage (see Example 5-B) by silica gel chromatography (EtOCO-D-Phe(an-Pr)-Pro-OBzl; 
TLC Rf * 0,77, 50% ethyl acetate.hexanes). EtOCO-D-Phe(an-Pr)-Pro-Arg-H«HCI was purified by 
RPHPLC (98/2 (A/B), 60 min; to 80/20 (A/B), 300 min): 
1H NMR; 

FAB-MS m/e 517 (MH + ); 



Analysis calculated for C2bH4oN 6 0 5 »HC!: 


Found: 


C 56.46, 
C 56.22, 


H 7.47, 
H 7.41, 


N 15.19; 
N 15.11. 



Example 16 

Preparation of N-Ethoxycarbonylphenylalanyl(an-propyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 
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NH NH 2 



EtOCO-Phe(an-Pr)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 15, 0.34 g of EtOCO-Phe(an-Pr)-Pro- 
Arg-H«HCI was prepared from EtOCO-Phe(an-Pr)-Pro-OBzl (TLC Rf = 0.67, 50% ethyl acetate; hexanes). EtO- 
CO-Phe(an-Pr)-Pro-Arg-H«HCI was purified by RPHPLC (98/2 (A/B), 60 min; to 80/20 (A/B), 300 min): 
1 H NMR; 

FAB-MS m/e 517 (MH 4 ); 



Analysis calculated for C^H^NeOs^HCI: 


Found: 


C 56.46, 
C 56.75, 


H7.47, 
H 7.55. 


N 15.19; 
N 15.47. 



Example 17 

Preparation of N-Ethoxycarbonyl-D- phenyl alanyl(an-butyl)-L-prolinyl-L-argine Aldehyde Hydrochloride 




♦ HCl 



NH NH 2 

EtOCO-D-Phe(an-Bu)-Pro-Arg-H«HCI 

By methods substantially equivalent to those described in Example 15, 2.2 g of EtOCO-D-Phe(an-Bu)-Pro- 
Arg-H»HCl was prepared, starting with N-(diphenylmethylene)-Phe-OMe and n-butyl Iodide. The diastereome- 
ric peptides were separated at the dipeptide ester stage (see Example 5-B) by silica gel chromatography (EtO- 
CO-D-Phe(an-Bu)-Pro-OBzl; TLC Rf = 0.86, 50% ethyl acetate :hexanes). EtOCO-D-Phe(ctn-Bu)-Pro-Arg- 
HUHCI was purified by RPHPLC (98/2 (A/B), 60 min; to 85/15 (A/B), 300 min): 
1 H NMR; 

FAB-MS m/e 531 (MH*); 



Analysis calculated for C27H 42 N605«HCI: 


Found: 


C 57.18, 
C 57.32, 


H 7.64, 
H 7.74, 


N 14.82; 
N 14.95. 
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Example 18 

Preparation of N-Ethoxycarbonylphenylalanyl(an-butyl)-L-prolinyl-L-arginine Aldehyde 



EtOCO-NH ^n-Bu 
PtU ^ 0 




HCl 



NH 

A 

NH NH 2 

EtOCO-Phe(an-Bu)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 17, 1 .47 g of EtOCO-Phe(an-Bu)-Pro- 
20 Arg-H«HCI was prepared from EtOCO-Phe(an-Bu)-Pro-OBzl (TLC R, = 0.74, 50% ethyl acetate: hexanes). EtO- 
CO-Phe(an-Bu)-Pro-Arg-H»HCI was purified by RPHPLC (98/2 (A/B), 60 min; to 85/15 (A/B), 300 min): 
1 H NMR; 

. FAB-MS m/e .531 (MH 4 ); 



25 


Analysis calculated for CtfH^NaCVHCI: 






C 57.18, 


H 7.64, 


N 14.82; 




Found: 


C 56.92, 


H 7.59, 


N 14.76, 



40 



45 



50 



55 



Example 19 

Preparation of N-Ethylsulfonyl-(D,L)-phenylglycinyl(amethyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 



EtS0 2 ^ 



HCl 



NH 

A 

NH NH 2 

EtSOrD,L-Phg(aMe)-Pro-Arg-H»HCI 

By methods substantially equivalent to those described in Example 15, 0.21 g of EtSO r D,L-Phg(aMe)- 
Pro-Arg-H»HCI hydrate was prepared starting from D,L-Phg-OMe»HCI and using EtS0 2 CI in place of EtO- 
COCI, and CH 3 i in place of n-propyliodide. EtSO r D,L-Phg(aMe)-Pro-Arg-H»HCI hydrate was purified by 
RPHPLC (98/2 (A/B), 30 min; to 80/20 (A/B), 240 min). The diastereomers could not be separated during the 
course of this synthesis and thus, the product was prepared and tested as a mixture of isomers* 
'HNMR; 

FAB-MS m/e 495 (MH 4 ); 
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5 



Analysis calculated for C^H^NeOsS*! .2 


HCI#H 2 0: 










C 47.49, 


H 6.74, 


N 15.10; 


Found: 


C 47.50, 


H 6.44, 


N 14,91. 



Example 20 

10 

Preparation of N-Ethoxycarbonylglycinyl(g,adi-n-butyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 



EtOCO v 

NH 



15 



20 




• HCl 



EtOCO-Gly(a,adi-n-Bu)-Pro-Arg-H«Ha 

By methods substantially equivalent to those described in Example 15, 1.4 g of EtOCO-Gly(a.adi-n-Bu)- 
Pro-Arg-H*HCI hydrate was prepared starting with N-(diphenylmethylene)Gly-OEt and two equivalents of n- 
butyl iodide. Reduction of the intermediate EtOCO-Gly(a,adi-n-Bu)-Pro-Arg(Cbz)lactam was accomplished by 
30 a method similar to that described in Example 5-G, except lithium aluminum hydride was used as the reducing 
agent at -78 °C. EtOCO-Giy(a,adi-n-Bu)-Pro-Arg-H»HCI hydrate was purified by RPHPLC (98/2 (A/B), 60 min; 
to 80/20 (A/B), 320 min): 
iHNMR; 

FAB-MS m/e 497 (MR*); 



35 


Analysis calculated for C^H^NeOs^l .2 HCI»H 2 0: 






C 51.62, 


H 8.52, 


N 15.05, 


CI 7.62; 




Found: 


C 51.82, 


H7.91, 


N 14.69, 


CI 7.75. 



40 



Example 21 

r 

Preparation of N-Methylsulfonyi-D-phenylalanyl(amethyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 
MeS0 2x 

NH 

Q"T i H 

o V 

NH 

u 

NH NH 2 
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MeSO r D-Phe(aMe)-Pro-Arg-H«HCI 

By methods substantially equivalent to those described in Example 6, 0.16 g of MeS0 2 -D-Phe(ctMe)-Pro- 
Arg-H»HCI hydrate was prepared, using MeS0 2 CI in place of EtS0 2 CI. The diastereomeric peptides were sepa- 
rated at the tripeptide arginine aldehyde stage by RPHPLC (98/2 (A/B), 80 min; up to 85/15 (A/B), 320 min). 
Stereochemistry is tentatively assigned based on the thrombin inhibitory activity of Example 21 and Example 
22: 

1 H NMR; 

FAB-MS m/e 495 (MH 4 ); 



Analysis calculated for C^H^NeOsS* 1.1 HCl»H 2 0: 



Found: 



C 47.81, 


H 6.77, 


N 15.20, 


C 47.73, 


H 6.45, 


N 15.25, 



CI 7.06; 
CI 7.12. 



Example 22 

Preparation of N-Methylsulfonylphenylalanyl(amethyl)-L-prolinyl-L-arginine Aldehyde Hydrochloride 



MeS0 2 . 



NH 



O'T i H 



HC1 



NH 
NH NH 2 
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45 



50 
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MeSO r Phe(aMe)-Pro-Arg-H«HC! 

By methods substantially equivalent to those described In Example 6, 0.16 g of MeS0 2 -Phe(aMe)-Pro- 
Arg-H«HCI hydrate was prepared, using MeS0 2 Ci in place of EtS0 2 CI. The diastereomeric peptides were sepa- 
rated at the tripeptide arginine aldehyde stage by RPHPLC (98/2 (A/B), 80 min; up to 85/15 (A/B), 320 min). 
Stereochemistry is tentatively assigned based on the thrombin inhibitory activity of Example 21 and Example 
22: 

1 H NMR; 

FAB-MS m/e 495 (MH 4 ); 



Analysis calculated for C^H^NeOgS^LI HCI«H 2 0: 



Found: 



C 47.81, 


H 6.77, 


N 15.20, 


C 47.81, 


H 6.38, 


N 14.96, 



CI 7.06; 
CI 7.06. 



The compounds of the invention are believed to selectively inhibit thrombin over other proteinases and non- 
enzyme proteins involved in blood coagulation without appreciable interference with the body's natural clotlys- 
ing ability (the compounds have a low inhibitory effect on fibrinolysis). Further, such selectivity is believed to 
permit use with thrombolytic agents without substantial interference with thrombolysis and fibrinolysis. Further, 
the compounds of the present invention are believed to be orally active. 

The invention in one of its aspects provides a method of inhibiting thrombin in mammals comprising ad- 
ministering to a mammal in need of treatment an effective (thrombin inhibiting) dose of a compound of formula 
I. 

In another of its aspects, the invention provides a method of treating a thromboembolic disorder comprising 
administering to a mammal in need of treatment an effective (thromboembolic disorder therapeutic and/or pro- 
phylaetic amount) dose of a compound of formula I. 
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The invention in another of its aspects provides a method of inhibiting coagulation in mammals comprising 
administering to mammal in need of treatment an effective (coagulation inhibiting) dose of a compound of for- 
mula I. 

The thrombin inhibition, coagulation inhibition, and thromboembolic disorder treatment, contemplated by 
5 the present method includes both medical therapeutic and/or prophylactic treatment as appropriate. 

In a further embodiment the invention retates to treatment, in a human or animal, of conditions where in- 
hibition of thrombin is required. The compounds of the invention are expected to be useful in animals, including 
man, in treatment or prophylaxis of thrombosis and hypercoagulability in blood and tissues. Disorders in which 
the compounds have a potential utility are in treatment or prophylaxis of thrombosis and hypercoagulability 
w in blood and tissues. Disorders in which the compounds have a potential utility, in treatment and/or prophylaxis, 
include venous thrombosis and pulmonary embolism, arterial thrombosis, such as in myocardial ischemia, 
myocardial infarction, unstable angina, thrombosis-based stroke and peripheral arterial thrombosis. Further, 
the compounds have expected utility in prophylaxis of atherosclerotic diseases such as coronary arterial dis- 
ease, cerebral arterial disease and peripheral arterial disease. Further, the compounds are expected to be use- 
rs ful together with thrombolytics in myocardial infarction. Further, the compounds have expected utility in the 
treatment or prophylaxis for reocclusion after thrombolysis, percutaneous transluminal angioplasty (PTCA) 
and coronary bypass operations. Further, the compounds have expected utility in prevention of rethrombosis 
after microsurgery. Further, the compounds are expected to be useful in anticoagulant treatment in connection 
with artificial organs and cardiac valves. Further, the compounds have expected utility in anticoagulant treat- 
20 ment in hemodialysis and disseminated intravascular coagulation. Af urther expected utility is in rinsing of cath- 
eters and mechanical devices used in patients in vivo, and as an anticoagulant for preservation of blood, plas- 
ma and other blood products In vitro. SUM further, the compounds have expected utility in other diseases and 
disorders where blood coagulation could be a fundamental contributing process or a source of secondary path- 
ology, such as cancer, including metastasis, inflammatory diseases, including arthritis and diabetes. The anti- 
25 coagulant compound is administered orally or parenterally e.g. by intravenous infusion (iv), intramuscular in- 
jection (im) or subcutaneously (sc). 

The specific dose of a compound administered according to this invention to obtain therapeutic and/or pro- 
phylactic effects will, of course, be determined by the particular circumstances surrounding the case, including, 
for example, the compound administered, the rate of administration, the route of administration, and the con- 
30 dition being treated. 

A typical daily dose for each of the above utilities is between about 0.01 mg/kg and about 1000 mg/kg. 
The dose regimen may vary e.g. for prophylactic use a single daily dose may be administered or multiple doses 
such as 3 or 5 times daily may be appropriate. In critical care situations a compound of the invention is ad- 
ministered by Iv infusion at a rate between about 0.01 mg/kg/h and about 20 mg/kg/h and preferably between 

35 about 0.1 mg/kg/h and about 5 mg/kg/h. 

The method of this invention also is practiced in conjunction with a clotlysing agent e.g. tissue plasminogen 
activator (t-PA), modified t-PA, streptokinase or urokinase. In cases when clot formation has occurred and an 
artery or vein is blocked, either partially or totally, a clot lysing agent is usually employed. A compound of the 
invention can be administered prior to or along with the lysing agent or subsequent to its use, and preferably 

40 further is administered along with aspirin to prevent the reoccurrence of clot formation. 

The method of this invention is also practiced in conjunction with a platelet glycoprotein receptor (llb/llla) 
antagonist, that inhibits platelet aggregation. Acompound of the invention can be administered prior to or along 
with the llb/llla antagonist or subsequent to its use to prevent the occurence or reoccurrence of clot formation. 
The method of this invention is also practiced In conjunction with aspirin. Acompound of the invention can 

45 be administered prior to or along with aspirin or subsequent to its use to prevent the occurrence or reoccurrence 
of clot formation. As stated above, preferably a compound of the present invention is administered in conjunc- 
tion with a clot lysing agent and aspirin. 

This invention also provides pharmaceutical formulations for use in the above described therapeutic meth- 
od. Pharmaceutical formulations of the invention comprise an effective thrombin inhibiting amount of a com- 

50 pound of formula I in association with a pharmaceutical^ acceptable carrier, excipient or diluent For oral ad- 
ministration the antithrombotic compound is formulated in gelatin capsules or tablets which may contain ex- 
cipients such as binders, lubricants, disintegration agents and the tike. For parenteral administration the an- 
tithrombotic is formulated In a pharmaceutically acceptable diluent e.g. physiological saline (0.9%), 5% dex- 
trose, Ringer's solution and the like. 

55 The compound of the present invention can be formulated in unit dosage formulations comprising a dose 

between about 0.1 mg and about 1000 mg. Preferably the compound is in the form of a pharmaceutically ac- 
ceptable salt such as for example the sulfate salt, acetate salt or a phosphate salt. An example of a unit dosage 
formulation comprises 5 mg of a compound of the present invention as a pharmaceutically acceptable salt in 
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a 10 ml sterile glass ampoule. Another example of a unit dosage formulation comprises about 10 mg of a com- 
pound of the present invention as a pharmaceutical^ acceptable salt in 20 ml of isotonic saline contained in 
a sterile ampoule. 

The compounds can be administered by a variety of routes including oral, rectal, transdermal, subcutane- 

5 ous, Intravenous, intramuscular, and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. Another embodiment of the present invention is a pharmaceutical formulation 
comprising an effective amount of a compound of Formula t or a pharmaceutical^ acceptable salt or solvate 
thereof En association with a pharmaceutically acceptable carrier, diluent or excipient therefor. . 

The active ingredient in such formulations comprises from 0.1% to 99.9% by weight of the formulation. By 

10 "pharmaceutically acceptable" it Is meant the carrier, diluent or excipient must be compatible with the other 
ingredients of the formulation, and not deleterious to the recipient thereof. 

The present pharmaceutical formulations are prepared by known procedures using well known and readily 
available ingredients. The compositions of this invention may be formulated so as to provide quick, sustained, 
or delayed release of the active ingredient after administration to the patient by employing procedures well 

is know in the art In making the compositions of the present invention, the active ingredient will usually be ad- 
mixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a capsule, 
sachet, paper or other container. When the carrier serves as a diluent, it may be a solid, semi-solid or liquid 
material which acts as a vehicle, excipient or medium for the active ingredient Thus, the compositions can be 
in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, 

20 syrups, aerosols, (as a solid or in a liquid medium), soft and hard gelatin capsules, suppositories, sterile in- 
jectable solutions, sterile packaged powders, and the like. 

The following formulation examples are illustrative only and are not intended to limit the scope of the in- 
vention in any way. "Active ingredient," of course, means a compound according to Formula I or a pharma- 
ceutically acceptable salt or solvate thereof. 

25 

Formulation 1 



Hard gelatin capsules are prepared using the following ingredients: 



30 




Quantity (mg/capsule) 




Active ingredient' 


250 




Starch, dried 


200 


35 


Magnesium stearate 


10 




Total 


460 mg 



40 Formulation 2 



A tablet is prepared using the ingredients below: 







Quantity (mg/capsule) 


45 


Active ingredient 


250 




Cellulose, microcrystalline 


400 




Silicon dioxide, fumed 


10 


50 


Stearic acid 


5 




Total 


665 mg 



^ The components are blended and compressed to form tablets each weighing 665 mg 
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Formulation 3 

An aerosol solution is prepared containing the following components: 



s 




Weight 




Active ingredient 


0.25 




Ethanol 


25.75 


10 


Propellant 22 (Chlorodifluoromethane) 


70.00 




Total 


100.00 



The active compound is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled 
15 to -30 °C and transferred to a filling device. The required amount is then fed to a stainless steel container and 
diluted with the remainder of the propellant. The valve units are then fitted to the container. 

Formulation 4 

2Q Tablets, each containing 60 mg of active ingredient, are made as follows: 





Active ingredient 


60 mg 




Starch 


45 mg 


25 


Microcrystalline cellulose 


35 mg 




Polyvinylpyrrolidone (as 10% solution In water) 


4 mg 




Sodium carboxymethyl starch 


4.5 mg 


30 


Magnesium stearate 


0.5 mg 




Talc 


1 mg 




Total 


150 mg 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
oughly. The aqueous solution containing polyvinyl- pyrrolidone is mixed with the resultant powder, and the mix- 
ture then is passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50 °C and passed 
through a No. 18 mesh U.S. Sieve. The sodium carboxymethyl starch, magnesium stearate and talc, previously 
passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed 
on a tablet machine to yield tablets each weighing 150 mg. 

Formulation 5 

Capsules, each containing 80 mg of active ingredient, are made as follows: 



Actice ingredient 


80 mg 


Starch 


59 mg 


Microcrystalline cellulose 


59 mg 


Magnesium stearate 


2 mg 


Total 


200 mg 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 
mesh U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 
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Formulation 6 



10 



Suppositories, each containing 225 mg of active ingredient, are made as follows: 



5 


Active ingredient 


225 mg 




Saturated fatty acid glycerides 


2,000 mg 




Total 


2,225 mg 



■ The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a sup- 
pository mold of nominal 2 g capacity and allowed to cool. 



15 
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Suspensions, each containing 50 mg of active ingredient per 5 ml dose, are made as follows: 





Active ingredient 


50 mg 


20 


Sodium carboxymethyl cellulose 


50 mg 




Syrup 


1.25 ml 




Benzoic acid solution 


0.10 ml 


25 


Flavor 


q.v. 




Color 


q.v. 




Purified water to total 


5 ml 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxyme- 
thyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with a 
portion of the water and added, with stirring. Sufficient water is then added to produce the required volume. 



Formulation 8 



An intravenous formulation may be prepared as follows: 





Active ingredient 


100 mg 


40 


Isotonic saline 


1,000 ml 



The solution of the above ingredients generally is administered intravenously to a subject at a rate of 1 ml 
per minute. 

The compounds provided by the invention (formula I) selectively inhibit the action of thrombin in mammals. 

The ability of the compounds of the present invention to be an effective and orally active thrombin inhibitor 
is evaluated in one or more of the following assays. 

The inhibition of thrombin is demonstrated by in vitro inhibition of the amidase activity of thrombin as meas- 
ured In an assay in which thrombin hydrolyzes the chromogenic substrate, N-benzoyl-L-phenylalanyl-L-valyl- 
L-arginyl-p-nitroanilide, N-benzoyl-L-Phe-L-Val-L-Arg-p-nitroanilide. 

The assay is carried out by mixing 50 p\ buffer (0.03M Tris, 0.1 5M NaCI, pH 7,4), 25 uJ of human thrombin 
solution (purified human thrombin, Enzyme Research Laboratories, South Bend, Indiana, at 8 NIH units/ml) 
and 25 of test compund in a solvent (in 50% aqueous methanol, v:v). Then 150 ul of an aqueous solution of 
the chromogenic substrate (at 0.25 mg/ml) are added and the rates of hydrolysis of the substrate are measured 
by monitoring the reactions at 405 nm for the release of p-nitroaniline. Standard curves are constructed by 
plotting free thrombin concentration against hydrolysis rate. The hydrolysis rates observed with test com- 
pounds are then converted to "free thrombin" values in the respective assays by use of the standard curves. 
The bound thrombin (bound to test compound) is calculated by subtracting the amount of free thrombin ob- 
served in each assay from the known initial amount of thrombin used in the assay. The amount of free inhibitor 
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In each assay is calculated by subtracting the number of moles of bound thrombin from the number of moles 
of added inhibitor (test compound). 

The Kass value is the hypothetical equilibrium constant for the reaction between thrombin and the test 
compound (I). 

Thrombin + I » Thrombin -I 

Kass= . [Thrombin I] 

[ (Thrombin) x (I) ] 



Kass is calculated for a range of concentrations of test compounds and the mean value is reported in units 
of liter per mole. 

15 By substantially following the procedures described above for human thrombin, and using other human 
biood coagulation system serine proteases, and using fibrinolytic system serine proteases, with the appropriate 
chromogenic substrates, identified below, selectivity of the compounds of the present invention with respect 
to the coagulation factor serine proteases and to the fibrinolytic serine proteases are evaluated as well as their 
substantial lack of interference with human plasma clot fibrinolysis. 

20 Human factors X, Xa, IXa, Xla, and Xila are purchased from Enzyme Research Laboratories, South Bend, 
Indiana; human urokinase from Leo Pharmaceuticals, Denmark; and recombinant activated Protein C (aPC) 
Is prepared at Eli Lilly and Co. substantially according to U.S. Patent 4,981,952. Chromogenic substrates: N- 
Benzoyl-lle-Glu-Gly-Arg-p-nitroanilide (for factor Xa); N-Cbz-D-Arg-Gly-Arg-p-nitroanilide (for factor IXa as- 
say as the factor Xa substrate); Pyroglutamyl-Pro-Arg-p-nitroanilide (for Factor Xla and for aPC); H-D-Pro- 

25 Phe-Arg-p-nitroanilide (for factor XI I a); and Pyroglutamyl-Gly-Arg-p-nitroanilide (for urokinase); are purchased 
from KabiVitrum, Stockholm, Sweden, or from Midwest Biotech, Fishers, Indiana. Bovine trypsin is purchased 
from Worthington Biochemicals, Freehold, New Jersey, and human plasma kallikrein from Kabi Vitrum, Stock- 
holm, Sweden. Chromogenic substrate H-D-Pro-Phe-Arg-p-nitroanilide for plasma kallikrein is purchased from 
Kabi Vitrum, Stockholm, Sweden. N-Benzoy!-Phe-Val-Arg-p-nitroanilide, the substrate for human thrombin 

30 and for trypsin, is synthesized according to procedures described above for the compounds of the present in- 
vention, using known methods of peptide coupling from commercially available reactants, or purchased from 
Midwest Biotech, Fishers, Indiana. 

Human plasmin is purchased from Boehringer Mannheim, Indianapolis, Indiana; nt-PAis purchased as sin- 
gle chain activity reference from American Diagnostica, Greenwich, Connecticut; mod if ied-t-PA6 (mt-PA6) is 

35 prepared at Eli Lilly and Company by procedure known in the art (See, Burck, et al., J. Biol. Chem. . 265 , 5120- 
5177 (1990). Plasmin chromogenic substrate H-D-Val-Leu-Lys-p-nitroanilide and tissue plasminogen activator 
(t-PA) substrate H-D-lle-Pro-Arg-p-nitraanilide are purchased from Kabi Vitrum, Stockholm, Sweden. 

In the chromogenic substrates described above the three-letter symbols He, Glu, Gly, Pro, Arg, Phe, Val, 
Leu and Lys are used to indicate the corresponding amino acid group isoleucine, glutamic acid, glycine, proline, 

40 arginine, phenylalanine, valine, leucine and lysine, respectively. 

Table 1 which follows lists the Kass value obtained with the indicated compound represented by the formula 

1. 



50 



55 



37 



EP0 673 936 Al 



Example . Human 



Kass 



Table 1 
(L/mol x 



10 s ) 



1 


79 . 


0 .06 


Zj * 


fi. 55 


fi 00 
u • uz 


2 


12 . 


• 0 . 13 


1 A 


n ^ 1 


fi fifilzl 


3 


350 . 


0 . 27 


^tj . 


fi 77 


fi fi fi A ^ 


4 


7 5 


fi 1 9 

U . 1Z 


1 7 


fi 17 
U . 1 / 


A A A T O 

I) . UUzo 


5 


7 5 




. 4 


A A t; Q 


A A A A 1 D 

u . uuu /y 






0 ii 


zU . 


A "5 T 


A A C 1 

U . Ubl 


7 


5 0 


fi DO 5 


1 7 


A A*5 A 
U . Uz U 


U . UUU /Z 


8 


■ 


U . Ulj 




A A AQ ^ 


U . UUzz 


q 


J . Z 


u . U J 0 


0.42 


0 . U1U 


0 . 00034 






A AO /I 

U . Uz 4 


0.45 


0 . 0071 


0 . 0011 


1 1 


U . b 


0 . 027 


1.7 


0.056 


0.007 


12 


2.8 


0 . 002 


0 1 ft 
U . 1 o 


n fifii 

VJ . UUl 


A AAQ 

u . uuy 


13 


57. 


0.036 


4.9 


0.12 


0.002 


14 


6.5 


' 0.078 


4.7 


0.058 


0.001 


15 


47 . 


0.030 


4.9 


0.12 


<0.001 


16 


38. 


0.077 


7.3 


0.074 


<0.001 


17 


66. 


0.095 


21. 


0.066 


<0.001 


18 


47.. 


0.08*8 


15. 


0.13 


- 0.001 


19 


430. 


0.49 


42. 


1.2 


0.023 


20 


24. 


0.22 


38. 


0.24 


0,010 


21 


31. 


0.23 


28. 


0.56 


0.027 


22 


2.1 


0.033 


1.4 


0.031 


0.0023 



10 



15 



20 



35 



45 



Thrombin inhibitors preferably should spare fibrinolysis induced by urokinase, tissue plasminogen activator 
(t-PA) and steptokinase. This would be important to the therapeutic use of such agents as an adjunct to strep- 
tokinase, t-PAor urokinase thrombolytic therapy and to the use of such agents as an endogenous fibrinolysis- 
sparing (with respect to t-PA and urokinase) antithrombotic agents. In addition to the lack of interference with 
the amidase activity of the fibrinolytic proteases, such fibrinolytic system sparing can be studied by the use 
of human plasma clots and their lysis by the respective fibrinolytic plasminogen activators. 

Materials 



so Dog plasma is obtained from conscious mixed-breed hounds (either sex.Hazelton-LRE, Kalamazoo, Mich- 

igan, U.S.A.) by venipuncture into 3.8 percent citrate. Fibrinogen is prepared from fresh dog plasma and human 
fibrinogen is prepared from in-date ACD human blood at the fraction I-2 according to previous procedures and 
specifications. Smith, Biochem. J., 185 , 1-11 (1980); and Smith, et al., Biochemistry , 11, 2958-2967, (1972). 
Human fibrinogen (98 percent pure/plasmin free) Is from American Diagnostica, Greenwich, Connecticut. Ra- 

55 dioiabeling of fibrinogen I-2 preparations is performed as previously reported. Smith, et al., Biochemistry . 11_, 
2958-2967, (1972). Urokinase is purchased from Leo Pharmaceuticals, Denmark, as 2200 Ploug units/vial. 
Streptokinase is purchased from Hoechst-Roussel Pharmaceuticals, Somerville, New Jersey. 
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Methods - Effects on Lysis of Human Plasma Clots bv t-PA 

Human plasma clots are formed in micro test tubes by adding 50 ul thrombin (73 NIH unit/ml) to 100 ul 
human plasma which contained 0.0229 uCi 125-iodine labeled fibrinogen. Clot lysis is studied by overlaying 
the clots with 50 ul of urokinase or streptokinase (50, 1 00, or 1 000 unit/ml) and incubating for 20 hours at room 
temperature. After incubation the tubes are centrifuged in a Beckman Microfuge. 25 ul of supernate is added 
into 1.0 ml volume of 0.03 M tris/0.15 M NaCI buffer for gamma counting. Counting controls 100 percent lysis 
are obtained by omitting thrombin (and substituting buffer). The thrombin inhibitors are evaluated for possible 
interference with fibrinolysis by including the compounds in the overlay solutions at 1, 5, and 10 ug/ml con- 
centrations. Rough approximations of IC^ values are estimated by linear extrapolations from data points to 
a value which would represent 50 percent of lysis for that particular concentration of fibrinolytic agent 

Anticoagulant Activity 

Materials 

Dog plasma and rat plasma are obtained from conscious mixed-breed hounds (either sex, hazeltori-LRE, 
Kalamazoo, Michigan, U.SA.) or from anesthetized male Sprague-Dawtey rats (Harlan Sprague-Dawley, Inc., 
Indianapolis, Indiana, U.SA.) by venipuncture into 3.8 percent citrate. Fibrinogen Is prepared from in-date ACD 
human blood as the fraction I-2 according to previous procedures and specifications. Smith, Biochem, J. , 185 , 
1-11 (1980); and Smith, et al., Biochemistry, H 2958-2967 (1972). Human fibrinogen is also purchased as 
98 percent pure/plasmin free from American Diagnostica, Greenwich, Connecticut, Coagulation reagents AC- 
TIN, Thromboplastin, and Human plasma are from Baxter Healthcare Corp., Dade Division, Miami, Florida. Bo- 
vine thrombin from Parke-Davis (Ann Arbor, Michigan) is used for coagulation assays in plasma. 

Methods 

Anticoagulation Determinations 

Coagulation assay procedures are as previously described. 

Smith, etal., Thrombosis Research.50. 163-174 (l9fia)AnnARrr^npr^ gg ,,i g Hr>n instrument (American 
LABor, Inc.) is used for all coagulation assay measurements. The prothrombin time (PT) is measured by adding 
0.05 m! saline and 0.05 ml Thromboplastin-C reagent to 0.05 ml test plasma. The activated partial thrombo- 
plastin time (APTT) is measured by incubation of 0.05 ml test plasma with 0.05 ml Actin reagent for 1 20 seconds 
followed by 0.05 ml CaCi 2 (0.02 M). The thrombin time (TT) is measured by adding 0.05 ml saline and 0.05 ml 
thrombin (10 NIH units/ml) to 0.05 ml test plasma. The compounds of formula I are added to human or animal 
plasma over a wide range of concentrations to determine prolongation effects on the APTT, PT, and TT assays. 
Linear extrapolations are performed to estimate the concentrations required to double the clotting time for 
each assay. 
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Table 2 



Human Plasma Anticoagulation 

Example 2 x Clotting time (ng/mL) 
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Animals 

Male Sprague Dawiey rats (350-425 gm, Harlan Sprague Dawley Inc., Indianapolis, IN) are anesthetized 
45 with xylazine (20 mg/kg, s.c.) and ketamine (120 mg/kg, s.c.) and maintained on a heated water blanket (37 
°C). The jugular vein(s) is can nutated to allow for infusions. 

Arterio- Venous shunt model 

so The left jugular vein and right carotid artery are cannulated with 20 cm lengths of polyethylene PE 60 tub- 
ing. A 6 cm center section of larger tubing (PE 190) with a cotton thread (5 cm) in the lumen, is friction fitted 
between the longer sections to complete the arterio-venous shunt circuit. Blood is circulated through the shunt 
for 15 min before the thread is carefully removed and weighed. The weight of a wet thread is subtracted from 
the total weight of the thread and thrombus (see J.R. Smith, Br J Pharmacol , 77:29,1982). 

55 ' . ■ " ~~ 

FeCI 3 model of arterial injury 

The carotid arteries are isolated via a midline ventral cervical incision. A thermocouple is placed under 
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each artery and vessel temperature is recorded continuously on a strip chart recorder. A cuff of tubing (0.058 
ID x 0.077 OD x 4 mm, Baxter Med. Grade Silicone), cut longitudinally, is placed around each carotid directly 
above the thermocouple. FeCI 3 hexahydrate is dissolved in water and the concentration (20%) is expressed 
in terms of the actual weight of FeCI 3 only. To injure the artery and induce thrombosis, 2.85 ul is pipetted into 
5 the cuff to bathe the artery above the thermocouple probe. Arterial occlusion is indicated by a rapid drop In 
temperature. The time to occlusion is reported in minutes and represents the elapsed time between application 
of FeCI 3 and the rapid drop In vessel temperature (see K.D. Kurz, Thromb . Res ., 60:269,1990). 

Spontaneous thrombolysis model 

10 

In vitro data suggests that peptide thrombin inhibitors inhibit thrombin and at higher concentrations may 
inhibit other serine proteases, such as piasmin and tissue plasminogen activator. To assess if the compounds 
inhibited fibrinolysis in vivo, the rate of spontaneous thrombolysis is determined by implanting a labeled whole 
blood clot into the, pulmonary circulation. Rat blood (1 ml) is mixed rapidly with bovine thrombin (4 IU, Parke 

18 Davis) and 126 l human f ibrogen (5 uCi, ICN), immediately drawn into silastic tubing and incubated at 37 °C for 
1 nr. The aged thrombus is expelled from the tubing, cut into 1 cm segments, washed 3X in normal saline and 
each segment is counted in a gamma counter. A segment with known counts is aspirated into a catheter that 
is subsequently implanted into the jugular vein. The catheter tip is advanced to the vicinity of the right atrium 
and the dot is expelled to float into the pulmonary circulation. One hour after implant, the heart and lungs are 

20 harvested and counted separately. Thrombolysis is expressed as a percentage where: 

%Thrombolysis = W^ctedcpm - lung cpm) x 1QQ 
injected cpm 

The fibrinolytic dissolution of the implanted clot occurs time-dependently (see J.P. Clozel, Cardlovas . 
Pharmacol. , 12:520, 1988). 

25 

Coagulation parameters 

Plasma thrombin time (TT) and activated partial thromboplastin time (APTT) are measured with a f ibrom- 
eter. Blood is sampled from a jugular catheter and collected in syringe containing sodium citrate (3.8%, 1 part 
30 to 9 parts blood). To measure TT, rat plasma (0,1 ml) is mixed with saline (0.1 ml) and bovine thrombin (0.1 
ml, 30 U/mi in TRIS buffer Parke Davis) at 37 °C. For APTT, plasma (0. 1 ml) and APTT solution (0.1 ml, Organon 
Teknika) are incubated for 5 minutes (37 °C) and CaCI 2 (0.1 ml 0.025M) is added to start coagulation. Assays 
are done in duplicate and averaged. 

35 Index of Bioavailability 

A measure of bioactivity, plasma thrombin time (TT), serves as a substitute for the assay of parent com- 
pound on the assumption that increments in TT result from thrombin inhibition by parent only. The time course 
of the effect of the thrombin inhibitor upon TT is determined after i.v. bolus administration to anesthetized rats 

40 and after oral treatment of fasted conscious rats. Due to limitations of blood volume and the number of points 
required to determine the time course from time of treatment to the time when the response returned to pre- 
treatment values, two populations of rats are used. Each sample population represents alternating sequential 
time points. The average TT over the time course is used to calculate area under the curve (AUC). The index 
of bioavailability is calculated by the formula shown below and is expressed as percent relative activity. 

45 The area under the curve. (AUC) of the plasma TT time course is determined and adjusted for the dose. 
This index of bioavailability is termed "% Relative Activity" and is calculated as 

%ReIative Activity = 4ti^X^^X1 00 
AUCiv Dosepo 

50 Compounds 

Compound solutions are prepared fresh daily in normal saline and are injected as a bolus or are infused 
starting 15 min before and continuing throughout the experimental perturbation which is 15 minutes in the ar- 
teriovenuous shunt model and 60 minutes in the FeCI 3 model of arterial injury and in the spontaneous throm- 
55 bolysis model. Bolus injection volune is 1 ml/kg for i.v., and 5 ml/kg for p.o. and infusion volume is 3 ml/hr. 
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Statistics 



Results are expressed as means +/- SEM. One-way analysis of variance is used to detect statistically sig- 
nificant differences and then Dunnett's test Is applied to determine which means are different. Significance 
level for rejection of the null hypothesis of equal means is P < 0.05. 



Animals 



Male dogs (Beagles; 18 months-2 years; 12-13 kg, Marshall Farms, North Rose, New York 14516) are fast- 
10 ed overnight and fed Purina certified Prescription Diet (Purina Mills, St Louis, Missouri) 240 minutes after dos- 
ing. Water is available ad libitum . The room temperature is maintained between 66-74 °F; 45-50% relative hu- 
midity; and lighted from 0600-1800 hours. 



Pharmacokinetic model. 



Test compound is formulated immediately prior to dosing by dissolving in sterile 0.9% saline to a 5 mg/ml 
preparation. Dogs are given a single 2 mg/kg dose of test compound by oral gavage. Blood samples (4.5 ml) 
are taken from the cephalic vein at 0.25, 0.5, 0.75, 1 ,2,3,4 and 6 hours after dosing. Samples are collected in 
citrated Vacutainer tubes and kept on ice prior to reduction to plasma by centrif ugation. Plasma samples are 

20 derivatized with dinitrophenylhydrazine and analyzed by HPLC (Zorbax SB-C8 column) eluting with metha- 
nol/500 mM sodium acetate adjusted to pH7 with phosphoric acid (60:40, v/v). Plasma concentration of test 
compound is recorded and used to calculate the pharmacokinetic parameters: elimination rate constant, Ke; 
total clearance, Clt; volume of distribution, V D ; time of maximum plasma test compound concentration, Tmax; 
maximum concentration of test compound at Tmax, Cmax; plasma half-life, t0.5; area under the curve, A.U.C.; 

25 and fraction of test compound absorbed, F. 

Canine Model of Coronary Artery Thrombosis 

Surgical preparation and instrumentation of the dogs are as described in Jackson, et al. ( Circulation , 82, 
930-940 (1990). Mixed-breed hounds (aged 6-7 months, either sex, Hazelton-LRE, Kalamazoo, Ml, U.SA) 
are anesthetized with sodium pentobarbital (30 mg/kg intravenously, i.v.), intubated, and ventilated with room 
air. Tidal volume and respiratory rates are adjusted to maintain blood P0 2 , PC0 2 , and pH within normal limits. 
Subdermal needle electrodes are inserted for the recording of a lead II ECG. 

The left jugular vein and common carotid artery are isolated through a left mediolateral neck incision. Ar- 
terial blood pressure (ABP) is measured continuously with a precalibrated Millar transducer (model (MPC-500, 
Millar Instruments, Houston, TX, U.S.A.) inserted into the carotid artery. The jugular vein is cannulated for 
blood sampling during the experiment. In addition, the femoral veins of both hindlegs are cannulated for ad- 
ministration of test compound. 

A left thoracotomy is performed at the fifth intercostal space, and the heart is suspended in a pericardial 
cradle. A 1- to 2-cm segment of the left circumflex coronary artery (LCX) is isolated proximal to the first major 
diagonal ventricular branch. A26-gauge needle-tipped wire anodal electrode (Teflon-coated, 30-gauge silver- 
plated copper wire) 3-4 mm long is inserted into the LCX and placed in contact with the intimal surface of the 
artery (confirmed at the end of the experiment). The stimulating circuit is completed by placing the cathode 
In a subcutaneous (s.c.) site. An adjustable plastic occluder is placed around the LCX, over the region of the 
electrode. A precalibrated electromagnetic flow probe (Carolina Medical Electronics, King, NC, U.S.A.) is 
placed around the LCX proximal to the anode for measurement of coronary blood flow (CBF). the occluder is 
adjusted to produce a 40-50% inhibition of the hyperemic blood flow response observed after 10-s mechanical 
occlusion of the LCX. All hemodynamic and ECG measurements are recorded and analyzed with a data ac- 
quisition system (model M3000, Modular Instruments, Maivern, PA. U.SA). 

Thrombus Formation and Compound Administration Regimens 

Electrolytic injury of the intima of the LCX is produced by applying 100-uA direct current (DC) to the anode. 
The current is maintained for 60 min and then discontinued whether the vessel has occluded or not. Thrombus 
formation proceeds spontaneously until the LCX is totally occluded (determined as zero CBF and an increase 
in the S-T segment). Compound administration is started after the occluding thrombus is allowed to age for 1 
h. A2-h infusion of the compounds of the present invention at doses of 0.5 and 1 mg/kg/h is begun simulta- 
neously with an infusion of thrombotic agent (e.g. tissue plasminogen activator, streptokinase, APSAC). Re- 
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perfusion is followed for 3h after administration of test compound. Reocclusion of coronary arteries after suc- 
cessful thrombolysis is defined as zero C6F which persisted for £ 30 min. . 

Hematology and template bleeding time determinations 

5 

Whole blood cell counts, hemoglobin, and hematocrit values are determined on a 40-uJ sample of citrated 
(3.8%) blood (1 part citrate:9 parts blood) with a hematology analyzer (Cell-Dyn 900, Sequoia-Turner. Mount 
View, CA, U.SA). Gingival template bleeding times are determined with a Simplate II bleding time device (Or- 
ganon Teknika Durham, N.C., U.S.A.). The device is used to make 2 horizontal incisions in the gingiva of either 

10 the upper or lower left jaw of the dog. Each- incision is 3 mm wide x 2 mm deep. The incisions are made, and 
a stopwatch is used to determine how long bleeding occurs. A cotton swab is used to soak up the blood as it 
oozes from the incision. Template bleeding time is the time from incision to stoppage of bleeding. Bleeding 
times are taken just before administration of test compound (0 min), 60 min into infusion, at conclusion of ad- 
ministration of the test compound (120 min), and at the end of the experiment 

is All data are analyzed by one-way analysis of variance (AN OVA) followed by Student-Neuman-Kuels post 
hocf test to determine the level of significance. Repeated-measures ANOVA are used to determine significant 
differences between time points during the experiments. Values are determined to be statistically different at 
least at the level of p < 0.05. All values are mean ± SEM. All studies are conducted in accordance with the 
guiding principles of the American Physiological Society. Further details regarding the procedures are descri- 

20 bed in Jackson, et al., J. Cardiovasc. Pharmacol ., 21_, 587-599 (1993). 



Claims 

25 1. A compound having the formula 



° H ■ HNH 

II I * I II 

3Q ' Y-C-X-N-CH- (CH 2 ) 3-N-C-NH2 

C=0 



35 where 

R 1 is hydrogen; 

X Is prollnyl or azetidinyl-2-carbonyl; 
Y is a group 
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where Z is hydroxy, C r C 4 alkoxy or -NHR 2 ; 

R 2 is hydrogen, C r C 6 alkyi, cyclopentyl, cyclohexyl, a group -C(C=0)R 5 or -S(0) n -R 5 
so where R 5 is C r C 4 alkyi, C,-C 2 perfluoroalkyi, C r C 4 alkoxy, (C r C 4 alkoxy)C r C 4 alky!, cyclopentyl, 

cyclohexyl, amino, mono (Ci-CJalkylamino, di(C|-C 4 )alkylamino, unsubstituted or substituted aryl, where 
aryl is phenyl or naphthyl, a 5 or 6 membered unsubstituted or substituted heterocyclic ring, having one 
or two heteroatoms which are the same or different and which are selected from sulfur, oxygen and ni- 
trogen, or a 9 or 10 membered unsubstituted or substituted fused bicyclic heterocyclic group having one 
55 or two heteroatoms which are the same or different and which are selected from sulfur, oxygen and ni- 

trogen; 

n is 1 or 2; 

R 3 is C r C 4 alkyi, unsubstituted or substituted phenyl or unsubstituted or substituted benzyl; 
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Z 1 Is a bond or -CH 2 -; 

R 4 is C r C 6 alkyl, C r C 4 alkoxy, cyclopentyl, cyclohexyl, unsubstituted or substituted aryl where aryl 
is phenyl or naphthyl, a 5 or 6 membered unsubstituted or substituted heterocyclic ring, having one or 
two heteroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen, 
or a 9 or 10 membered unsubstituted or substituted bicyclic heterocyclic group having one or two het- 
eroatoms which are the same or different and which are selected from sulfur, oxygen and nitrogen; 

when Z is -NHR 2 , it can be taken together with R 3 to afford an azetidinyl group, a 5 or 6 membered 
unsubstituted or substituted saturated nitrogen containing heterocyclic ring or a 9 or 10 membered un- 
substituted or substituted fused bicyclic nitrogen containing heterocyclic group; 

R 3 and R 4 can be taken together to afford a cyclopentyl, cyclohexyl or a 9 or 10 membered unsub- 
stituted or substituted hydrocarbyl group; 

or a pharmaceutically acceptable salt thereof; or a pharmaceutical^ acceptable solvate of said 
compound or salt thereof; 

provided that when (a-i) R 3 is methyl or ethyl; Z 1 is a bond; R 4 is cyclopentyl, cyclohexyl, unsub- 
stituted or substituted aryl where aryl is phenyl or naphthyl or R 4 is thienyl or furyl; and X is prolinyl or 
azetidinyi-2-carbonyl; or 

(a-ii) R 4 -Z 1 - taken together form methyl or ethyl; R 3 is unsubstituted or substituted phenyl; and X 
is prolinyl or azetidinyl-2-carbonyl; or when 

(b-l) R 3 is methyl or ethyl; Z 1 is -(CH2)-; R 4 is unsubstituted or substituted phenyl; and X is azetidinyl- 
2-carbonyl; or 

(b-ii) R 4 -Z 1 - taken together form methyl or ethyl; R 3 is unsubstituted or substituted benzyl; and X 
is azetidlnyl-2-carbonyl; or further when 

(c) R 3 and R 4 are taken together to afford a cyclopentyl or cyclohexyi; and X is prolinyl; 

then Z Is not hydroxy, C r C4 alkoxy or NHR 2 in which R 2 is hydrogen, C^-C^ alkyl or a group 
-C(C=0)R 6 in which R 6 is C r C 4 alkyl, C r Oz perfluoroalkyl or C r C 4 alkoxy. 

A compound or salt or solvate thereof as claimed in Claim 1 where 
R 1 is hydrogen; 
Z is -NHR 2 , where 
R 2 Is -C(C=0)R 5 or -S(0) n -R5; 
R 3 is C r C 4 alkyl; 

R 4 Is unsubstituted or substituted aryl where aryl Is phenyl or naphthyl; 

R 5 is C r C 4 alkyl, C r C 4 alkoxy, a 5 or 6 membered unsubstituted or substituted heterocyclic ring 
having one or two nitrogen atoms, or a 9 or 10 membered unsubstituted or substituted fused bicyclic het- 
erocyclic group having one or two nitrogen atoms; 

n is 1 or 2; or 

Z is taken together with R 3 to afford an azetidinyl group, a 5 or 6 membered unsubstituted or sub- 
stituted heterocyclic ring having one or two nitrogen atoms or a 9 or 10 membered unsubstituted or sub- 
stituted fused bicyclic heterocyclic group having one or two nitrogen atoms. 

A compound or salt or solvate thereof as claimed in Claim 2 where 
R 1 is hydrogen; 

X Is prolinyl or azetidinyl-2-carbonyl; 
Y Is a group 

Z 




where R 3 is C r C 4 alkyl; 
Z 1 is a bond or -CH 2 -; 

R 4 is unsubstituted or monosubstituted phenyl; and 
Z is -NHR 2 , where 

R 2 is -C(C=0)R 5 in which R e is a 9 or 1 0 membered unsubstituted or monosubstituted fused bicyclic 
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heterocyclic group having one nitrogen atom; or 

R 2 is a group -S0 2 R 5 in which R 5 is Ci-C 4 alkyl; or 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted het- 
erocyclic ring having one or two nitrogen atoms. 

5 

4. A compound or salt or solvate thereof as claimed in Claim 2 or Claim 3 where 

R 1 is hydrogen; 
Z is -NHR 2 , where 
R 2 is -C(C=0)R5; 
10 R 3 Is C r C 4 alkyl; 

ZMs-CH r ; 

R 4 is unsubstituted or monosubstituted phenyl; 

R 6 is C1-C4 alkoxy, or a 9 or 10 membered unsubstituted or monosubstituted fused bicyclic het- 
erocylic group having one nitrogen atom; and pharmaceutically acceptable salts and solvates thereof. 

5. A compound or salt or solvate thereof as claimed in Claim 3 where 

R 1 is hydrogen; 
Z is -NHR 2 , where 
R 2 is-S0 2 R«; 
20 R 3 is C r C 4 alkyl 

R 4 is unsubstituted or monosubstituted phenyl; 
R5 is C,-C 4 alkyl. 

6. A compound or salt or solvate thereof as claimed in Claim 3 where 
25 R 1 is hydrogen; 

Z is -NHR 2 ; 

R 4 is unsubstituted or monosubstituted phenyl; and 

R 3 and Z are taken together to afford an azetidinyl group, or a 5 or 6 membered unsubstituted het- 
erocyclic ring having one or two nitrogen atoms. 

30 

7. A compound or salt or solvate thereof as claimed in any one of Claims 1-6 where 

alkyl by itself or as part of another substituent is methyl, ethyl, n-propyl, isopropyi, n-butyl f t-butyt, 
isobutyl or sec-butyl; 

halo is chioro, fluoro, bromo or iodo; 
35 perfluoroaikyl is trifluoromethyl or pentaf luoroethyl; 

a 5 or 6 membered heterocyclic ring is furyi, thienyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl, thia- 
zolyl, isothiazolyl, pyranyl, pyridinyl, pyrimidinyl, pyrazinyl, oxazinyl or thiazinyl; 

a 9 or 10 membered heterocyclic ring is indolyl, benzothienyl, benzpfuryi, benzoxazolyl, benzoi- 
soxazolyl, benzopyrazolyl, quinolinyl, isoquinolinyl, benzimidazoiyl or benzothiazolyl; and 
40 a 9 or 10 membered bicyciic hydrocarbyl group is indanyl, dihydronaphthyl or tetrahydronaphthyl; 

and further where any aryl, heterocycte, or bicyciic hydrocarbyl is unsubstituted or substituted with 
one or two substituents that will afford a stable structure independently selected from halo, hydroxy); C r 
C 4 alkyl, C r C 4 alkoxy, amino (-NHJ, (mono(C r C 4 alkyl) amino, mercapto, and (C r C 4 alkyl)thio (-S(0) p C r 
C 4 alkyl), -NHS(0)pC r C 4 alkyl), NHC(0)C 1 -C 4 alkyl, -S(0)pNH 2 , -S(0)pNH(C r C 4 alkyl), and -S(0)pN(C r 
45 C 4 alkyl) 2 , where p is 0, 1 or 2. 

8. A compound or salt or solvate thereof as claimed in Claim 3 which compound is 1-methylindolyl-2-carbo- 
nyi-D-(amethyI)phenylglycinyl-L-azetidinyl-2-carbonyl-L-arginine aldehyde. 

so 9. A compound or salt or solvate thereof as claimed in Claim 3 which compound is N-ethoxycarbonyl-D-phe- 
nylalanyl(amethyl)-L-prolinyl-L-arginine aldehyde. 

10. A compound or salt or solvate thereof as claimed In Claim 5. which compound is N-ethylsulfonyl-(D,L)- 
phenylglycinyl(amethyl)-L-prolinyl-L-arginine aldehyde. 



55 



11. A compound or salt or solvate thereof as claimed in Claim 6 which compound is prolinyl(ctbenzyl)-L-pro- 
linyl-L-arginine aldehyde. 
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12. A compound or salt or solvate thereof as claimed in Claim 6 which compound is azetidinyl(abenzyl)-L- 
prolinyl-L-arginine aldehyde. 

13. A pharmaceutical formulation comprising in association with a pharmaceutic ally acceptable carrier, dilu- 
ent or excipient, a compound of the formula I, or a pharmaceutical^ acceptable salt or solvate thereof, 
as claimed in any one of Claims 1-12. 
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